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On  page  10,  after  the  footnote  add  A.  Irving,  Metamorphiam  of  .Boeifes. 
paM96. 

On  page  16,  16th  liae  from  top,  for  "structure  of  crfaballlDes  rocks" 
read  structures  of  crystalline  rocKS. 

On  page  n,  under  "Remarks,"  eighth  line  from  the  top,  for  "No.  1" 
read  No.  4. 

Oa  page  68,  fourth  aud  eighth  lines  from  the  bottom,  for  "539"  read 
538. 

On  page  88,  last  line,  before  "T.  66-5"  insert  22. 

On  page  138,  sixth  line  from  top,  strike  out  "V." 

On  page  181,  line  6  froln  top,  after  "Interior"  ioBerl  of  the  eontiTienta. 

On  page  185,  Hue  IT  from  bottom,  for  "Ontario,  Erie  and  Huron,"  read 
(Ontario. 

On  page  188,  line  three  from  top,  for  "Ooulal's,"  read  Qotdais. 

On  page  191,  line  one  from  top,  for  "labradorlte"  read  plagiodase. 

On  page  191.  line  ten  from  top,  fur  "altitude"  read  attitude. 

On  page  102,  line  five  from  top,  for  "oragraphlc"  read  orographic. 

On  page  192,  line  nineteen  from  bottom,  for  "material"  read  natural. 

Od  page  193,  line  twenty  from  bottom,  for  "canals"  read  venU. 

On  page  193,  line  seveDteen  from  top,  for  "all"  read  mostly. 

On  page  191,  line  seven  from  top,  for  "this"  read  the. 

On  page  196,  line  fifteen  from  top.  For  "impoBslble"  read  possible. 

Od  page  196,  line  Dineteeo  from  top,  omit  "protecting." 

On  page  2D1,  line  five  from  bottom,  after  "It  Is  uot"  Insert  ii^requenlly. 

On  page  202,  line  one  from  top,  for  "Indentation"  read  indent^ions. 

Oapage20;i,  line  nineteen  from  bottom,  for  "embankment"  read  em- 
liagmeal. 

On  page2IG,  line  fifteen  from  bottom,  for  "time"  read  line. 

On  page  216,  line  sixteen  from  top,  for  "Of  the  two"  read  Of  (wo, 

On  page  217,  in  title  of  Fig.  1,  for  "Keewenlan"  read  Keteeenian. 

On  page  223,  line  14  from  bottom,  for  "fallen"  read/u[^ 

On  page  226,  line  eleven  from  top,  for  "terraces"  read  terrattea. 

On  page  333,  line  thirteen  from  top,  omit  "[See  PI.  X.,  FIk,  2]." 

On  page  234,  line  twentjonefrom  top,  for  "plane"  read  plan. 

On  page  236,  line  three  from  bottom,  for  "aerial"  read  a  real. 

On  page  238,  tine  twenty-two  from  t-op,  for  "in"  read  on. 

On  p^e  241,  line  Rix  from  top,  for  "leads"  read  levtls. 

On  page  242,  line  nineteen  from  top,  for  "XXI."  read  XI. 

On  page  250,  line  two  from  bottom,  for  "339.7"  read  439.7. 

Od  page  252,  line  sixteen  from  bottom,  after  "cave  of  the"  insert  em- 
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On  page  262,  line  nine  from  bottom,  for  "dents"  read  strands. 

On  page  253,  line  four  from  top,  for  "thickened"  read  thideer. 

On  page  270,  at  bottom  of  cut.  Insert  "Fig.  11." 

On  page  271,  line  three  from  top,  for  "build"  read  built. 

On  page  271,  line  twenty-one  from  bottom,  for  "and  gravel"  read  ffravel. 

On  page 273,  line  twenty  from  top,  for  "gravel"  read  finest. 

On  page  277,  line  thirteen  from  top,  for  "rigid"  read  ridged. 

On  page  281,  line  eleven  from  bottom,  for  "benches"  read  beaches. 

On  page  284,  line  fourteen  from  lop,  for  "altitude"  aUitude. 

Oopage  289,  line  five,  from  bottom,  for  "altitude"  read  attitude. 
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ADDRESS. 

Minneapolis,  May  1,  1892. 
To  the  President  of  the  University: 

Dbaa  Sir. — Herewith  is  trausoiitted  the  twenthieth  annual 
report  of  the  Geological  and  Nataral  History  Survey,  of  which 
I  have  charge.  This  marks  the  close  of  the  second  decade  of 
my  connection  with  this  work,  which  began  with  the  commence- 
ment of  the  survey  in  1872,  It  is  with  some  satisfaction  that  I 
can  look  over  the  work  of  the  last  twenty  years,  and  with  some 
regret  that  I  can  see  its  deficiencies.  As  a  State  enterprise, 
however,  the  Minnesota  survey  is  unique  in  its  plan,  its  super- 
visory auspices,  its  slow  but  uninterrupted  progress,  and  in 
the  duration  of  its  personal  directorship. 

Ten  years  a^o,  in  the  submission  of  my  tenth  annual  report, 
I  ventured  to  congratulate  the  University  and  the  State  on  the 
success  which  had  attended  the  survey  at  that  date,  bat  the 
second  ten  years  have  been  more  prosperous  than  the  first  ten. 
Therefore,  while  renewing  my  congratulations,  I  think  it.  is 
safe  to  bespeak  for  the  third  decade  as  great  and,  perhaps, 
greater  advance  in  al!  the  channels  of  scientific  research  ordered 
by  the  law.  The  University  of  Minnesota  has  a  golden  oppor- 
tunity to  place  herself  far  in  the  van  of  progress  In  science 
among  such  institutions  in  America,  and  the  overseers  of  the 
survey,  as  they  are  also  overseers  of  the  University,  cannot 
fail  to  see  the  ways  and  means  for  bringing  about  such  a  result. 
Respectfully  submitted, 

N.  H.  WINCHELL, 
State  Geologist  and  Curator  of  the  General  Museum. 
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REPORT. 


Summary  Statement.  The  funds  of  the  survey,  derived 
almost  wholly  hitherto  from  sales  of  the  Salt.  Spring  lands, 
not  only  became  exhausted,  on  account  of  increased  expense 
of  exploration  in  the  northern  part  of  the  state,  but  indebted 
to  the  University  fund  proper  for  advances  to  the  amount  of 
about  fifteen  thousand  dollars.  The  Legislature  of  1887  made 
a  cash  appropriation,  of  ten  thousand  dollars  for  certain  eco- 
nomic researches,  and  that  with  some  aid  from  the  Salt  Spring 
fund  kept  the  field  work  going  for  four  years,  i.  e.  till  the 
report  on  the  iron  ores  of  the  state  (Bulletin  No.  VI.)  wa3  pub- 
lished. The  Legislature  of  1891  made  another  cash  appropria- 
tion for  the  survey  amounting  to  fifteen  thousand  dollars,  with 
a  view  of  cancelling,  in  part  at  least,  the  deficit  in  the  funds 
and  of  carrying  forward  the  field-work  toward  completion. 
In  the  meantime  the  iron  ore  interests  have  rapidly  developed, 
and  it  has  become  incumbent  on  the  surrey  to  make  much 
closer  examination  into  the  geographic  distribution  of  the  rocks 
carrying  this  ore,  as  well  as  into  many  questions  relating  to 
their  geology.  While  it  has  been  purposed  to  enter  at  once  on 
the  preparation  of  the  final  report  on  the  geology  of  the  north- 
em  part  of  the  state,  it  is  found  to  be  judicious  to  prosecute 
further  field-work  there.  Large  public  and  private  interests 
are  involved  in  the  developments  taking  place.  It  would  be 
discreditable  to  stop  the  survey  short  of  satisfactory  comple- 
tion while  such  important  economic  results  are  dependent  on  a 
knowledge  of  the  rocks  carrying  this  iron  ore.  The  season 
has  been  spent  therefore  in  further  field  examinations  and 
especially  on  the  Mesabi  iron  range.  Mr.  U.  S.  Grant  was  at 
work  on  the  eastern  end  of  the  range,  and  his  (accompanying) 
report  shows  some  of  the  results  of  his  field-work.  Mr.  H.  V, 
Winchell  was  directed  to  make  a  general  economic  study  of  the 
entire  range,  and  to  carry  his  data  and  statistics  to  as  late  a 
date  as  possible.  His  report  therefore  owing  to  lateness  of 
publication  laps  over  into  the  year  1892.     The  same  season 
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(1891)  Dr.  A.  C.  Lawson,  late  of  the  Canadian  geological  survey, 
was  employed  to  make  a  survey  of  the  elevated  beaches  of  the 
north  shore  of  lake  Superior,  and  incidental  to  that  to  make 
snch  study  of  the  rock  formations  as  his  opportnnitles  afforded. 
His  interesting  report  on  the  beaches  accompanies  this,  and 
two  other  supplementary  papers  by  him  are  to  be  included  in 
a  separate  publication — probably  Bulletin  IX. 

Renewed  activity  also  has  been  given  to  paleontologlcal  work 
on  the  Trenton  and  Hudson  Kiver  fossils.  Mr.  Chas.  Schu- 
chert  made  a  collecting  tour  in  Wisconsin  and  in  Iowa,  and  in 
southern  Minnesota,  and  was  engaged  to  assist  in  the  prepara- 
tion of  chapters  for  the  Paleontology  of  the  state,  while  Mr. 
E.  0.  Ulrlch  continued  his  work  on  the  Bryozoa.  In  all  the 
paleontologlcal  work  the  survey  has  been  aided  gratuitously 
by  Mr.  W.  H.  Scofield,  of  Cannon  Falls.  The  printing  of  Vol. 
m,  of  the  final  report,  as  outlined  in  the  "Summary  state- 
ment" for  the  seventeenth  annual  report,  is  now  going  forward. 

It  was  thought  best  to  divide  the  report  of  Mr.  Herrick  on 
the  Mammals  of  the  state  into  two  parts,  and  to  issue  them  sep- 
arately as  bulletins  (VII  and  VIH).  The  first  part,  embracing 
the  popular  and  semi' technical  descriptions,  is  now  in  press, 
and  when  issued  will  constitute  an  interesting  publication  of 
the  survey.  The  other  portion  is  in  Prof.  Herrick's  hands, 
and  when  it  has  been  revised  by  him,  and  changed  so  as  to 
comport  with  the  advances  made  since  the  volume  was  first 
tendered  for  publication,  it  will  appear  as  another  bulletin  of 
the  survey.  The  report  of  Dr.  Hatch  on  the  Birds  of  the  state 
is  intended  for  similar  publication,  hat  it  is  not  at  hand.  Dr. 
Hatch  left  the  state  about  a  year  ago  and  has  never  actually 
pat  his  manuscript  in  the  custody  of  the  survey.  His  present 
address  is  unknown. 

Since  the  last  summary  statement  the  nineteenth  report  has 
been  issued  and  distributed.  The  library  of  the  survey  grad- 
ually grows.  Our  reports  are  sent  in  exchange  to  all  parts  of 
the  world.  The  list  of  additions  by  this  means  shows  this 
growth.  There  is  also  herewith  presented  a  statement  of  reg- 
istrations in  the  museum,  now  reaching  8,441. 
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THE  CRYSTALLINE  BOCKS, 

SoBfE   Pbelihinabt  Considebations  as  to  thbib  Stbuotubes 

AMD  ObIGIM. 


Sufficient  field-work  has  now  beeo  done  on  the  orystalliiie  rocks 
of  the  Bt&te  to  enable  ob  to  enomerate  the  formattons  vhioh  they 
contain,  and  to  express  vith  some  oonfidenoe  the  stratigraphic 
relations  which  they  bear  to  one  another.  These  important  pre> 
liminary  steps,  having  been  taken  with  care  and  thoroaghnesB, 
there  remuns  the  task  to  deduce  from  the  facts  ascertained  Bome 
farther  principles  of  taxonomio  geology  and  of  genetic  derivation 
for  the  rooka  themselves. 

In  attempting  to  present  these  facts  of  the  geology  of  the  lake 
Saperior  region  in  snch  a  manner  ob  to  indicate  some  general 
tmtha  which  may  serve  as  guides  for  classification  and  nomenolo- 
tore,  it  is  the  desire  of  the  writer  to  acknowledge  that  he  has  been 
bat  one  among  several  recent  factors  that  have  helped  to  bring 
some  system  ont  of  coufneion  and  chaos.  After  th6  report  of 
Foster  and  Whitney  in  1861,  on  the  mineral  lands  of  the  lake 
Snperior  region,  in  which  it  was  maintained  that  it  was  impossible 
to  divide  the  orystalline  rooks  into  any  systematic,  consistent 
order  of  §nccession,  either  etratigraphio  or  chronological,  there 
have  been  namerooB  geologists  who,  having  made  examinations  in 
one  pari  or  another  of  the  lake  Saperior  region,  have  shown 
that  the  crystallise  rocks  are  susceptible  of  stratigraphic  subdivi- 
sion, and  have  attempted  to  express  such  subdivision.  Generally  ' 
they  have  shown  that  it  is  possible  to  separate  them  into  two 
parts.  This  binary  classification  was  really  instituted  prior  to 
the  work  of  Foster  and  Whitney  by  Alexander  Murray  and  Sir 
William  Lc^an  of   the  Canadian  survey.    While  the  Canaditm 
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Borvey  itself  has  teaacionsly  held  to  this  simple  olasfiiBcatioQ, 
some  of  its  iDdiTidaal  members  have,  onvrittingly  Bometimes,  bat 
iotentioDally  at  other  times,  put  on  record  important  tacts  that 
have  called  attention  to  inconsistenoiee,  and  to  the  oonfnsion  that 
has  resulted,  and  some  of  them  have  in  a  meaBore  abandoned  the 
original  nomenclature  of  Mnrray  and  Logan,  and  have  institated 
new  names  to  express  sobdirieionB  that  are  needed  and  which  were 
not  Teoognized  by  Mnrray  and  Logan. 

On  the  other  side  of  lake  Snperior,  the  state  sarveys  of  Mich- 
igan and  TVisoonBin,  while  adding  many  and  interesting  facts  to 
the  general  fnnd  of  knowledge  of  the  crystalline  rooks,  have 
added  bat  little  to  the  advancement  of  their  special  taxonomy,  or 
their  genetic  relationships.  These  surveyB  were  mainly  oocapied 
with  the  discovery  of  their  geographic  areas,  and  the  delineation 
of  their  local  details  of  stratigraphy  and  ontcrop.  They  adopted, 
in  general,  the  stratigraphic  principles  and  the  nomenolatnre  of 
the  Canadian  survey  of  1867,  but  also  showed  that  it  was  neceseary 
to  inetitute  many  minor  distinctions  in  Btratigraphy — without, 
however,  attempting  to  establish  any  certain  order  for  all  the  dis- 
tinctions which  they  recorded. 

It  is  evident  that  before  any  inquiry  can  be  entered  upon  an  to 
the  more  minute  internal  relations  of  these  formations,  it  is  essen- 
tial that  the  serial  order  which  thay  sustain  to  each  other,  at  least 
some  of  their  grand  stratigraphic  taxonomy,  shall  be  determined. 
To  the  Bolntion  of  these  problems  very  much  time  has  been  given, 
both  by  members  of  the  United  States  geological  eurvey.  and  by 
those  engaged  on  some  of  the  state  survsyB.  An  essential  con- 
oord  has  been  reached  by  the  more  recent  investigatorB  on  some  of 
the  main  questions  of  relationship,  as  well  as  some  of  the  minor 
stratigraphic  details.  While  the  statements  of  this  paper  will  be 
based  on  facts  developed  in  Minnesota,  it  cannot  be  questioned 
that  the  principles  involved,  and  many  of  the  facts  on  which  they 
are  based  will  be  found  duplicated  with  eqoj&l  or  greater  clearness, 
in  Wisconsin  and  Michigan,  as  well  as  in  Caaada.  The  great  syn- 
olinorium  of  the  lake  Superior  valley  seems  to  have  been  wrought 
out  in  a  series  of  strata  of  very  old  date,  and  it  manifests  its  con- 
cordant history  in  the  plications  and  duplications  of  its  rocky 
rim  on  all  its  sides  alike. 

The  principal  rock  terranes,  as  made  out  in  the  region  north- 
west from  lake  Superior  are  as  follows  : 

1.  A  series  of  alternating  fragmental  and  eruptive  beds,  known 
as  Nipigon  or  Keewenawan,  the  upper  portion  composed  almost 
netirely  of  red  sandstones,  placed  unconformably  beneath  a  later 
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serieB  of  oonglomeratee  and  sandetooeB  in  which  ie  found  the 
"  DiekUooephaloB  faana"  of  the  primordial. 

3.  Lower  down  are  foond  altematiBg  beds  of  "eraptive"  eheete 
and  fragmontal  rocks,  bat  the  Fragmental  are  qnite  different  from 
those  in  ^o.  1,  being  thin-bedded  platee,  often  black  silioeooB  and 
actinolitio  BchistB,  mognetitio  jaBpers,  qoartz^tes  and  oherty  qnartz- 
ytes.  These  are  interbedded  vith  sheets  of  eruptive  rook  or  rook 
oomposed  of  pyroolaBtio  materiale  wbioh  were  probably  of  tnf  aceooB 
origin,  presenting  more  or  less  erident  sedimentary  Btrnotares. 

3.  The  emptiTe  facies  is  intensified  at  this  horizon  by  the  protm- 
sion  of  immense  qaantities  of  tnie  basic  eniptiTe  (gabbro)  which 
is  toond  to  have  embraced  in  itself  oonsiderabte  masses  of  the 
next  older  strata,  particularly  of  the  Pewabio  qaartsyte  and  its 
modifications.  This  gabbro  is  intimately  associated  with  aoid 
eniptiTe  rocks  of  ootemporary  date,  oonstitating  red  felsytes, 
qoartz  porphyries  and  reddish  granites.  This  ftabbro  is  the  bear- 
er of  large  qouitities  of  titanic  magnetite,  and  Tery  often  the 
ooderlying  gaartzyte,  involved  in  the  gabbro,  is  also  highly  charged 
with  m^^etite,  though  never  titaniferoos. 

4  The  bottom  of  the  AnimiHe  is  oharaoterized  by  a  great 
qnarteyte  aaeooiated  with  iron  ores  and  cherts,  which,  however, 
do  not  always  appear  in  their  typical  characters  at  this  horizon. 
Associated  with  this  qoartzyte,  and  with  some  of  the  beds  imme- 
diately overlying  it,  are  the  important  iron  deposits  of  the  "Mesabi 
range."  This  qoartzyte  lies  nnconformably  on  all  the  older 
rocks,  but  principally  it  has  been  examined  in  its  oontaot  with  the 
granite  and  greenstone  of  the  Giant's  range.  Wherever  its  lower  beds 
are  Eonnd  exposed  they  are  apt  to  be  conglomeritio  with  debris  from 
the  onderlying  formations.  This  has  been  styled  Pewabio  qnartzyte. 
It  is  sabjeot  to  great  lithologic  variations,  due  on  the  one  hand  to 
admixtorea  of  mechaniceJ  debris  from  the  older  rocks,  and  on  Ule 
otiier  to  chemical  precipltatione  in  the  ocean  in  which  it  was 
gathered,  and  to  the  mingling  of  voloanic  taff  from  the  emptious 
that  were  coincident  with  itn  deposition,  some  of  which  are  seen 
u  interbedded  sheets  of  cotemporary  date.  Its  color  is  usually 
gray,  but  on  the  Mississippi  river,  at  Pokegama  falls,  it  is 
superficially  red  to  the  depth  of  two  or  three  inches,  and  still  fur- 
ther Bonthweet,  in  Pipestoae  ouanty,  it  is  extensively  changed  to 
s  red  color.  Its  grains  are  coarse,  rounded  and  evident,  bat  they 
are  joined,  generally,  into  a  compact  mass  by  the  deposition  of 
secondary  silica.  In  the  near  vicinity  of  the  cotemporary  vol-  ' 
oanic  disturbances  its  gndn  is  very  fine,  like  jaspiljrte,  and  in 
some  oases  it  has  acquired  a  dense  crystalline  structure  from  oou- 
taot  with  the  gabbro.  C.OO<^lc 
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There  ia  bat  little,  if  any  doubt,  that  the  great  phyeioal  break 
irhioh  separates  the  preoediDg  trom  the  following  eztende  throogh- 
ont  the  lake  Saperior  diatriot,  and  that  it  marks  the  greatest 
erosion-interval  which  has  been  diaoovered  in  paleozoio  geolc^, 
as  distinotly  pointed  ont  by  Dr.  A.  C.  Lawson. 

A  scant  fauna  has  been  foond  to  characterize  the  terranea  down 
to  this  point,  and  so  f ar  aa  the  oharaotera  indicate,  the  faana  ia 
primordial.  This  whole  seriea,  by  its  stratigraphic  position,  its 
fanna,  lithology,  and  its  accidental  teatores,  ia  bonnd  in  one 
grander  gronp,  and  reeemblea  that  which  ia  known  as  Taconio. 

Nob.  3  and  4  are  separable  from  Ko.  2  by  divergence  in  dip  and 
strike,  as  well  aa  by  a  marked  difference  of  lithology.  Between 
these  and  No.  2  there  is  in  Minnesota  some  evidence  of  nonoon- 
tormity,  and  snoh  has  alao  been  stated  of  them  in  Wisconsin. 

5.  Below  this  gronp  is  the  fundamental  "  complex,"  made  np 
of  crystalline  rooks  and  their  debria.  It  is  in  this  complex  that 
are  found  some  of  the  problems  that  have  long  been  stadied,  and 
in  which  remain  some  of  the  unsettled  questtons.  Still  great  ad- 
vance has  been  made  in  deciphering  its  stmcture  and  stratigraphy. 
Three  grand  parts  have  been  made  out,  in  stratigraphic  order, 
while  a  fourth  is  well  established,  but  occurs  sporadically.  The 
first  of  these  parte  is  a  volcanic  formation  of  great  thiokneas,  oo- 
cuj^ing,  however  a  fixed  position  in  geographic  extent  and  in 
stratigraphic  order.  This  is  known  as  the  Keewatin.  Most  of  its 
rocks  are  volcanic  tuffs  presenting  more  o^  less  evidence  of  aqaeoos 
sedimentation.  The^e  is  one  important  part  of  this  aeries,  spec- 
ially designated  Kawishiwin,  which  differs  from  the  rest  It  em- 
braces the  great  btdk  of  the  "  greenstones "  and  ohloritio  Bohists 
and  JBBperoid  hematites  of  the  formation,  and  it  seems  to  be  the 
latest  known  member  of  the  Keewatin,  although  it  still  remains  to 
bft  shown  whether  this  massive  greenstone  phase  be  not  of  fitful 
distribution  and  liable  to  oocnr  in  other  parts  of  the  Keewatin. 
The  most  of  the  Keewatin  rooks  are  graywaokes,  serioitio  schists, 
agglomerates,  conglomerates,  with  some  exceedingly  fine-grained, 
glossy,  serpentinoue  schists.  It  also  embraces  modifications  of 
these,  which  will  be  mentioned  later.  The  conglomerates  and  the 
agglomerates  appear  at  different  horizons,  the  latter  being  espec- 
ially abundant  in  the  Kawishiwin  horizon.  The  hematite  ores 
which  characterize  the  Keewatin,  are  found  in  the  Kawishiwin 
etaga  They  are  in  lenticular  lodes,  and  in  general  they  stand 
upright,  conformable  with  the  general  position  of  the  rooks  and 
and  all  tiie  macro-structure  of  the  country. 
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6.  The  next  older  rooks  are  oosformably  linked  with  the  Kee- 
intm  rocks  io  stratigraph;,  and  they  are  no  lees  intimately  nnited 
with  them  lithologioally.  There  is  an  inoreasing  degree  of  fresher 
eryatallization  evident  in  the  Keewatin  toward  the  bottom,  and 
when  the  strata  beoome  wholly  brystaUiue  they  have  received  the 
name  of  Yermilion  series.  There  has  not  yet  been  seen  in  Mio- 
neeota  any  nnoonformity  between  the  Eeewatin  and  the  Vermilion, 
and  indeed  it  appears  that  the  orystalline  obaraoters  oooar  some- 
times oat  of  tiieir  normal  stratigraphio  ^laoe,  indicating  that  their 
ezifltenoe  is  not  dependent  on  stratigraphio  order  wholly — though 
in  the  main  it  is.  The  Yermilion  sohiats,  otherwise  known  as 
crystalline  schists,  contain  magnetic  iron  ore,  but  generally  they 
ore  destitate  of  it.  They  are  nsoally  plainly  stratiform,  in  as  evi- 
dent a  manner  as  the  stratified  rocks  of  the  Keewatin,  bat  they 
alao  embrace  some  dark,  massive  "greenstone'  belts  in  which  do 
stratification  bands  are  visible.  They  oonaist  essentially  of  mioa 
eehiflts  and  hornblende  sohiats. 

7.  The  base  o£  the  Yermilion,  when  not  distorbed  by  upheaval 
in  Archean  time,  has  a  gradoal  transition  into  conformable,  strati- 
form gneiss,  which  is  of  like  character  with  the  transition  from  the 
Keewatin  to  the  Yermilion.  Indeed  there  ia  nothing  to  distingnisb 
the  Yermilion  schists  from  the  gneiss  of  the  Lanrentian,  except  an 
inarease  in  the  f eldspathic  and  silioeons  ingredients  at  greater  depth 
in  the  series.  Even  after  the  Lanrentian  characters,  viz.,  more 
or  less  massive  or  gneissic  said  rock,  have  become  folly  established 
throi^h  a  thickness  of  a  hnndred,  or  three  hnndred  feet,  there 
may  recnr,  well  within  the  gneiss,  a  parallel  and  extended  l>elt  of 
rock  with  stroction  and  lithology  like  those  of  the  Yermilion 
sebists,  or,  vice  ver$a,  there  have  been  seen  thick  beds  of  gray 
gneiss,  conformable  with  the  sedimentary  stratification,  well  within 
the  Yermilion  schists,  making  an  essential  part  of  the  series. 
Therefore  it  is  plain  that  the  base  of  the  Vermilion,  when  not 
broken  by  upheaval  and  brecoiation  is  an  onoertain  and  vanishing 
l^ane  which  cannot  be  located  exactly  with  any  unanimity  or  oon- 
natenoy  by  different  field  geologists — nor  even  by  the  same  geol- 
ogist 

Bnt  this  normal  interstratification  and  grodnal  passage  from  the 
Yermilion  to  the  Lanrentian  is  not  always  foond,  nor  indeed  is  it, 
perhaps,  the  most  freqaent.  There  is  more  freqaently  a  great 
disturbance  manifest  at  this  horizon,  resolting  in  breociation  and 
eonfnsion.  In  most  oases  there  are  numerooB  "  dikes "  of  the 
lighter-colored  granitic  rook  cutting  the  schists,  and  there  are 
larger  areas  and  knobs  nreless  basic  rook.    There  is 
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every  character  that  indicates  that  these  vere  both  in  a  fioid  or 
plastic  state,  and  that  the  only  nos-flaid  rook  was  the  older  aohiat 
which  ia  seen  variously  embraced  in  isolated  pieces  by  both. 

Ooe  other  character  pertaining  to  the  struotural  relations  of  the 
parts  of  the  Arohean  complex  shoald  be  mentioDed,  viz:  The  emp- 
tive  characters  jnst  described ,  bo  far  as  they  pertain  to  the  Laureu- 
tiaa  gneiss,  do  not  always  come  into  oontaot  with  the  oryBtalline 
sohista  of  the  Vermilion,  bat  sometimeB  famall  areas  of  Lanrentian 
granite  are  directly  in  coofact  with  schists  that  have  the  imper- 
fectly crystalline  condition  of  the  Keewatin. 

The  Archean  complex,  therefore,  is,  normally,  a  nnit  in  its 
grander  featnrea,  and  while  separable  into  differing  members,  in 
the  same  manner-as  the  overlying  Taoooic,  and  liable  to  distnrb- 
anoe  and  to  the  action  of  invading  igneons  rock,  in  the  same 
manner  it  is  plainly  one  in  its  grander  history  and  its  chief  gen- 
etic characters. 

With  this  statement,  which  gives  a  concensas*  of  the  resatte 
reached  by  several  geologlBts  who  have  given  special  attention  to 
the  field  evidenoea,  we  have  given,  perhaps,  all  that  can  be  said  to 
be  settled  as  to  the  major  strnctaral  relations.  It  ia  when  we  go 
farther,  and  attempt  to  discover  some  of  the  minor  relations  sub- 
sisting between  these  parts,  or  enter  npon  the  stndy  of  their  genesis, 
that  we  find  a  divergence  of  opinion.  These  differences  of  opinion 
resnlt,  of  coarse,  from  s  stady  of  the  problems  from  different  points 
of  view,  or  along  different  v&ya  of  research,  by  reason  of  which 
different  geologists  have  seen  only  portions  of  the  evidence.  It  is 
to  be  presumed  that  when  two  geologists  should  see  and  compre- 
hend all  the  facts  there  would  be  between  them  an  exact  agree- 
ment of  opinion.  The  significance  of  a  geological  fact,  when  once 
pointed  ont,  can  be  apprehended  and  applied  only  in  one  of  two 
diverse  directions,  and  can  be  used  by  one  geologist  as  well  as  by 
another.  This,  of  oonrse,  requires  that  the  fact  and  its  interpreta> 
tion  shall  be  embraced  in  a  correct  underlying  philosophy.  If  a 
pbilosophioal  principle  be  assumed,  at  the  outset^  which  is  false, 
there  wiU  be  danger  of  a  vicious  interpretation  of  all  the  facts  that 
are  discnssed  by  the  geologist  who  holds  the  false  philosophy.  He 
may  be  very  expert  in  the  discovery  and  the  groaping  of  the  rela- 
tions of  the  facts  which  he  employs,  bat  all  hia  reasoning  is  viti- 
ated by  the  weakness,  or  worthlessness,  of  his  initial  datum.  It  u 
necessary,  therefore,  to  examine  every  assumed  principle  on  which 


■The  position  of  the  prlQclpftl  gabbro  borliou  (that  at  Duluth  ftnd  at  Ltttle  BasBD— 
agn  lake)  mar  be  eioepted  trom  this  Htatoment,  asltlanotaettladBO  as  to  beadmltted 
b7  all  observers,  Uiat  the  gabbro  followed  Immedlatel;  after  the  Pevablc  quartifte. 
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ibia  or  the  other  interpretatioa  is  baaed,  and  to  maintain  among 
the  fsots  dieeoesed  a  rigid  and  correct  rale  of  relationBhip  within 
the  accepted  philoeopfay.  It  is  eqaally  certain  that  the  oorreetnesB 
or  falsity  of  a  philosophical  principle  applicable  to  geologic  facts, 
irhen  pointed  oat,  can  be  apprehended,  and  would  be,  by  one 
fiandid  geologist  as  readily  as-by  another.  There  is  hanoe,  on  the 
asaamption  that  geologists  are  all  candidly  in  parsuit  of  the  trntb 
only,  a  reason  to  expect  that  not  doly  will  all  the  facts  necessary 
to  the  Bolntion  of  present  problems  be  disooTered  and  known 
finally  by  all  geologists  coccemed,  bat  that  they  will  be  sabordi- 
nated  to  a  sound  philosophical  disousaion  and  settlement. 

The  ansettled  problems  pertaining  to  these  rooks,  whsther  in 
the  Laarentian,  the  Ontarian  or  the  Taconio,  are  very  frequently 
connected  with  the  "eraptive"  members,  whether  truly  eruptive  or 
not,  and  with  the  genesis  of  some  of  the  minor  non-ernptive  parts. 
It  might  be  mentioned  also  that  there  is  still  some  question  as  to 
the  stratigraphic  place  of  the  gabbro  of  the  Mesabi  range  of  hills 
and  as  to  its  relation  to  the  Animikie.  There  is  also  some  onaer- 
tainty  as  to  the  manner  of  distribution  of  tbe  eruptive  rooks  both 
of  the  Auimikie  and  of  the  Nipigon  through  those  formations,  and 
the  effect  of  saoh  distribution  on  the  ootemporary  sedimentary 
beds  at  plaoee  remote  from  the  points  of  issue  of  the  eruptives. 
In  short,  it  is  not  altogether  certain  but  that  the  terms  Nipigon 
and  Animikie  have  been  applied  to  some  extent  at  different  and 
distant  points  to  different  bat  ootemporary  phases  of  the  same  for- 
mation.* The  Fewa^io  qoartzjrte  shares  less  in  this  uncertainty, 
maintaining  its  identity  at  the  base  of  the  Taoonic. 
USE  OF   TEBHS. 

It  is  one  of  the  primary  essentials  to  the  investigatioD  of  the 
crystalline  rocks,  after  the  aacertaiam'ent  of  their  physical  and 
etratigraphio  characters,  that  there  shall  be  a  dear  anderstanding 
of  the  terms  selected  to  define  them,  and  this  necessity  appears 
greater  in  no  case  than  in  the  nse  of  the  terms  "metamorphism," 
and  "alteration"  and  the  terms  "schistoBe,"  "laminated,"  "stratified," 
"gneiBBic,"  "bedded"  and  "banded."  These  terms  have  been  Tari- 
ously  employed,  and  great  confosion  has  resulted. 

Anyone  who  has  given  attention  to  tbe  rocks  as  they  appear  in 
the  field  will  have  noted  that  there  are  two  opposing  tendenciee  of 
change  which  the  Archean  rocks  have  experienced.  He  finds  a 
force,  or  several  forcee,  which  promote  what  might  be  styled  a  de- 


«  the  equivalent  of  tbe  Eeweeaairan. 
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BtmetiTe  or  degradational  traueitioii  from  one  mineral  ooodition  to 
another — in  other  words  a  weathering  process.  This  has  resolted 
both  in  past  geologic  eons  and  in  the  short  time  that  has  elapsed 
since  the  glacial  epoch,  in  converting  hornblende  to  chlorite  and 
to  talc  or  serpentine,  biotite  to  mnsonvite,  and  to  the  various 
hydrated  mioas,f  eldspar  to  mica  or  kaolin,  meoaooanite  to  leaoozene, 
and  in  short,  it  is  that  change  which  is  prelimiosry  to  the  final 
disintegration  of  the  minerals  oonoemed  and  their  disappearance 
either  in  the  superficial  soils  or  in  solntion  and  distribution  in  any 
waters  that  can  carry  them  away.  The  forces  that  promote  this 
change  are  water  and  atmospheric  air,  and  since  these  have  been 
present  since  the  rooks  existed  as  rooks,  and  were  also  present 
and  equally  or  more  active  at  the  date  of  their  birth,  it  is  plain 
that  the  effect  of  their  infiaenoe  will  be  likely  to  be  fonnd  throogb- 
oat  the  history  of  the  Arohean  rooks,  at  all  points  where  there  can 
be  said  to  be  any  identifiable  data  to  mark  their  history.  It  will 
be  noticed  that  all  these  changes  of  condition  result  from  an  at- 
tack, an  ever  energetic  assaalt,  which  the  atmosphere,  throogh 
some  of  its  agents,  is  making  on  the  primary  elementary  condi- 
tions of  the  minerals  of  the  earth.  It  is  eeaentially  a  carbonizing, 
an  oxygenizing  and  a  bydratisg  process.  It  is  ever  present,  and 
its  avenaes  of  effective  attack  are  mjTiad.  As  a  result  of  this 
warfare  between  the  earth  and  the  air  the  surface  of  the  earth  bas 
become  habitable  by  the  various  grades  of  organized  beings,  vege- 
table and  animal.  This  process  is  one  of  the  most  important,  in 
its  progressive  steps,  and  one  of  the  most  stupendous  in  its  results, 
however  slow  and  gentle  it  appears,  which  we  can  contemplate  in 
the  history  of  the  earth.  It  is  not  designed  here  to  dwell  upon  it, 
although  it  has  resulted  in  the  prodaction  of  all  our  limestones, 
sandstones,  shales  and  osual  soil-producing  strata,  and  has 
brought  about  those  conditions  by  which  water  at  ordinary  tem- 
peratures can  remain  permanently  on  the  surface  of  the  earth. 

Opposed  to  this  destructive  process,  the  geologist  who  contem- 
plates the  crystalline  rocks  observes  another  operation.  This 
force  acta  to  expel  the  carbon  and  the  water,  and  as  much  of  the 
oxygen  as  possible,  which  have  been  taken  up  by  the  operation  of 
the  destructive  process.  This  is  essentially  a  reconstructive  oper- 
ation, and  its  effect  is  to  briug  all  the  minorals  subjected  to  its 
action  back  again  to  or  toward  the  conditions  which  they 
possessed  originally.  The  reconstructive  process  will  be  impeded, 
naturally,  and  sometimes  diverted  from  its  normal  result,  by  aooi- 
dants  of  environment,  either  physical  or  chemical,  which  have 
transpired  since  the  primary  crystallization,  through  the  actios  of 
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the  destraotive  agents  of  the  air,  already  mentioDed.  For 
InstaDoe,  vherew  a  normal  and  natural  ahaage,  through  destroot- 
ive  agenoies,  Tonld  be  maoifeBted  in  the  oonTeraion  of  aogite  to 
hornblende,  and  of  hornblende  to  chlorite,  and  also  of  an  ortho- 
dase  feldspar  to  a  potash  mioa,  and  thenoe  to  serioite,  and  to 
kaolin,  when  the  reoonstniatiTe  process  were  to  take  theee  final 
prodnota  in  band,  it  woold  not  be  able,  perhaps,  to  restore  them  to 
their  original  oonditdons  of  composition  and  orystaUisatioD,  pro- 
dooing  aogite  and  orthoclase  feldspar,  bat  the  atmost  of  its 
resalte  might  be  a  form  of  hornblende  and  a  blaok  mica.  Certain 
natural  and  insormoantable  obstacles  seem  to  oppose  the  reforma- 
tion of  exactly  the  same  minerals  through  that  method  of  r^enera- 
tion.  It  cannot  be  qaeBtioned,  however,  that  ooold  the  original 
conditions  be  restored,  Ixith  of  heat,  pressare  and  moisture,  and 
the  same  toroea  be  brought  to  bear  on  the  same  elements,  in  the 
same  proportions,  as  in  the  first  crystallzation,  the  result  would  be 
the  reoonstruotion  of  identically  the  same  crystals.  This  re- 
crystallizing  process,  compared  with  that  of  disint^tratioa,  is  much 
lees  observable,  and  in  the  later  geological  f^es  it  is  less  common 
than  in  the  earlier.  This  apparent  diminution,  however,  may  be 
only  apparent,  and  doe  to  the  fact  that  its  later  effects  are  likely 
to  be  buried  at  great  depths  below  the  clastic  strata  of  the  Bai>eT- 
cruat,  and  hence  invisible  to  the  geologist.  It  ia  only  where  and 
when  some  of  the  oansts  that  promote  it  break  through  the  super- 
cmst  and  become  apparent  at  the  surface  of  the  earth,  as  in  the 
cases  of  volcanic  forces,  tliatthe  student  of  these  rocks  can  observe 
the  method  of  this  reoonetraotion  in  the  production  of  its  char- 
aeteristio  minerals.  The  causes  that  produce  these  retro-changes 
zte,  hence,  only  exceptional  and  local,  and  do  not  disturb  in  the 
grand  aggregate,  the  onward  oonrse  of  the  aneqoal  warfare  between 
the  air  and  the  earth,  which  inevitably  is  tending  to  the  subjuga- 
tion of  the  latter  by  the  former.  The  reaction  of  the  oryetalline 
forces  against  disintegration  was  moat  powerful  and  effective  in 
Arohean  time,  when  the  earth  was  heated  nearer  the  sortaoe.  The 
voluminoos  sedimentation  that  reenlted  from  the  first  attacks  of 
the  atmospheric  agents  on  the  heated  earth's  surface,  hatf  been  the 
most  exposed  to  this  re-construction.  At  that  early  date  in  the 
formation  aal  dii^amiaationoE  fragoaeatal  materiaU  by  the  air  or 
the  ocean,  the  natore  of  the  sediments  themselves  had  not  so  far 
become  differentiated  from  their  parent  soorcee,  ae  are  the  sedi- 
ments of  the  preeent  ocean,  and  in  the  event  of  re-oonstractioQ 
ODuld  more  easily  and  more  abundantly  re-produce  the  minerals  of 
the  pareut  rook.     The  foroes  which  are  concerned  in  the  reoon- 
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stractioD  of  the  primary  miDerala  in  the  Arofaean  rooks,. are  seated 
below  the  ornet  of  the  earth,  and  their  power.  Beeme  to  increase  at 
greater  depths.  Whenever  they  manifest  themeelvee  in  oonorete 
form  at  or  near  the  surface  they  are  combined,  in  some  oooaU  re- 
latioDS  with  pressure  and  moisture.  Primarily  we  may,  perhaps 
as  oorreotly  as  any  way,  express  these  forces  in  a  single  term,  by 
the  words  dry  heat,  either  as  the  retnltor  as  the  cause  of  gravitation, 
but  as  dry  heat  was  associated  with  varying  degrees  of  pressare 
and  perhaps  of  moisture,  in  the  first  orystallizations,  so  it  appears 
to  be,  even  more  closely,  associated  with  the  same  agents  in  the 
production  of  the  restored  re-crystallizations.  Hence  it  would  be 
equally  correct,  for  our  present  purpose,  to  ascribe  all  the  re- 
constructions of  which  we  are  speaking,  to  the  three  well  known 
agents  of  metamorphism,  viz.,  heat,  pressure  and  laoisture.  When 
these  combine  in  their  action  on  any  of  the  early  sediments,  such 
as  may  have  bean  long  sub]eoted  to  levigation  and  hence  may  have 
been  greatly  changed  from  their  parent  condition  by  the  ooean,  the 
concentrated  effect  is  to  cause  the  greatest  degree  of  re-orystalliza- 
tioD,  and  restoration  of  primary  characters. 

These  two  opposing  processes  produce  characteristic  mineral 
species,  and  in  their  multiform  physical  reactions  upon  each  other, 
uuder  constantly  varying  physical  relations,  and  varying  chemical 
surroundings,  they  give  rise  to  a  large  number  of  intermediate  and 
unstable  mineral  species,  which  are  characteristic  of  neither  one 
nor  the  other.  Such  are  the  zeolites,  the  sulphides,  some  carbon- 
ates, etc.  But  the  principal  characteristic  minerals  which  each 
process  gives  rise  to,  are  too  familiar  to  need  enumeration  here.* 

Now,  as  both  these  processes  result  in  a  change  of  mineral  <x>n- 
dition  in  the  rocks,  the  resultant  rocks  may  be  said  to  be  meta- 
morphosed. Indeed,  the  term  "metamorpbic"  has  been  applied  to 
each.  Those  who  are  predisposed  to  consider  all  rocks  sedimen- 
tary until  they  can  be  proven  to  be  of  eruptive  origin,  have  been 
prone  to  apply  the  term  "metamorpbic"  to  not  only  those  banded 
schists  {the  mica  schists)  which  preserve  a  plain  sedimentary 
structure,  but  also  to  those  greenstone  schists  which  do  not  pre- 
serve evident  sedimentary  bandiDg,  bat  whose  minerals  are  frag- 
mentaty  and  plainly  in  a  state  of  transition  from  a  once  more 
perfectly  crystalline  condition  to  a  state  of  greater  disintegration- 


'The  chemical  potentialities  ot  sIIIcod  belne  called  out  nialaly  at  high  tempeia- 
turea.  and  thme  of  cnrtiOD  at  more  moderate  temperaturea.  the;  seem  to  atand,  as  It 
wei«,  &t  the  two  oppmlle  polos  ot  matter,  dlvldlog  the  empire  between  them  Into  What 
we  common!]'  call  the  Organic  and  the  Inorganic,  but  with  ver;  undefined  boundaries 
alonn  which  dwell  u  HerleH  of  restless  and  turbulent  tribes,  the  IndlTlduala  of  wfaloh 
own  DO  permanent  alleRlanoe  to  either,  dhmIdK  from  the  domain  of  each  Into  the  other 
tn  tbe  most  facile  manner. 
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Od  tlie  other  hoDd,  those  who  h&ve  heen  prone  to  claim  every 
crystalline  rook  kb  emptiTe  until  it  can  be  proven  to  be  of  Bedimen- 
tary  origin,  have  been  eqaally  liable  to  ignore  the  necessary  great 
divergence  between  these  two  operations,  and  to  set  down  as 
eruptive  not  only  those  massive  crystallines  which  are  plainly 
eruptive,  bat  also  those  imperfectly  crystalline  masses,  whose 
grains  are  in  a  transitional  state,  like  the  schistose  greenstones, 
attribating  their  semi-disintegration  to  a  force  or  a  process  known 
as  "dyDamic  metamorphism." 

For  the  present  parpoae  we  shall  apply  the  term  metamorphism 
only  to  the  reoonstmcted  rooks  whose  mioerala  have  been  forced 
to  take  OQ  a  condition  of  more  thorongh  crystallization  by  the  ap- 
plication of  the  forces  of  heat  and  preesnre  in  the  presence  of 
moistara.  The  miouceons  and  homblendio  schists,  the  Vermilion 
series,  as  above  described,  illastrate  this  metamorphism.  The 
gneisses  into  which  the  Vermillion  Bohista  p^H  conformably, 
downward,  also  iUnatrate  it  perfectly.  All  other  rooks  whose  min- 
erals are  changed  by  weathering,  from  the  crystalline  condition  in 
which  they  were  when  the  rocks  were  formed,  may  be  styled  al- 
tered ropks.  Here,  however,  there  is  danger  of  assuming  a  oon- 
diti<ai  to  have  prevailed  in  a  large  class  of  rooks  that  have  been 
much  stndied,  which  the  facts  will  not  prove  to  have  been  their 
condition.  1  refer  to  the  greenstones  and  the  green  schists,  as  a 
gronp,  although  there  are  plainly  unimportant  portions  of  these 
gr^n  rocks  which  should  be  excepted. 

Again,  there  is  a  tendency  among  those  who  have  been  familiar 
with  the  stmctures  of  sedimentary  rooks,  on  the  one  hand,  to  carry 
their  ideas  of  sedimentary  structure  too  far,  and  to  make  all  the 
"parallel  structures"  which  they  see  pervading  the  crystalline 
rocks,  so  many  modified  forms  of  sedimentary  stmoture;  and  on 
the  other  hand  a  class  of  geologista  who  have  become  familiar 
Bpecially  with  the  etructarea  that  crystalline  rocks  may  be  made 
to  assome  under  pressure  and  partial  fracture  osasing  the  sobistose 
arrangemest  of  the  entire  mass,  have  been  inclined  to  sabordinato 
to  mechanical  oanses  acting  sabaeqaent  to  solidification,  all  those 
"parallel  structures"  which  they  may  discover  in  a  crystalline 
lock,  however  plainly  they  may  have  originated  from  sedimenta- 
tion. To  one  class  of  observers,  however  many  mistakes  they  may 
fall  into  in  interpreting  all  these  etractnres  aa  due  to  sedimenta- 
tion, the  terms  banding,  lamination,  sehistose,  gneissic,  sedimen- 
tary stmotnre,  cleavage,  &&,  all  mean  fandamraitally  the  same 
thing,  and  with  great  confidence  sometimes  they  make  oat  a  "syn- 
clinal "  sfamctnre  for  a  great  area,  and  have  no  more  basia  for  it 
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than  a  enperfioial  Bynclinal  arraogement  of  the  Blaty  oleavage. 
To  the  other  class  of  obBervers,  however  great  the  apparent  abear- 
dities  into  which  they  msy  full,  these  straotnres  signify  equally 
bat  CDS  thing.  They  extend  an  observed  reaalt,  viz.,  schistose  or 
slaty  cleavage,  a  product  of  pressare  and  shearing  in  a  rock  mass, 
not  only  so  as  to  destroy  its  true,  normal  significance,  bat  also  so 
as  to  include  strnctores  that  are  known  to  be  produced  only  by 
sedimentary  forces — they  attribute  to  pressure  and  dynamic  meta- 
morphism  all  the  banding  and  stratification  which  some  crystal- 
line rocks  so  plainly  manifest  These  terms,  ttierefore,  about  the 
signifioanoe  and  applicability  of  which  so  much  has  been  written, 
have  come  to  be  the  weapons  which  either  party  may  use  with  per- 
fect Buooess,  BO  long  as  they  have  no  definite  meuiing.  It  Ib  plain 
that,  in  order  that  either  one  or  the  other  party  shall  finally  pre- 
vail the  diBticotions  which  should  mark  these  terms  when  correctly 
applied,  must  be  ignored,  and  as  far  as  possible  broken  down. 
The  platoniBt  is  inclined  to  ignore  all  the  evidencas  of  sedimentary 
strncture  in  these  questionable  rocka,  knowing  that  he  has  a  firM 
starting  point  in  his  argument,  and  he  ruthlessly  driveB  the  ex- 
treme of  his  argument  into  confliot  with  a  set  of  important  tacts 
and  stmotures  coming  from  aiiother  direction.  The  neptnnist, 
starting  from  an  equally  firm  datum,  with  his  eye  only  on  one  re- 
sult, following  his  bent  with  equal  rashness,  finds  himself  soon 
beset  with  such  problems  and  snares  that  he  wantonly  assails  or 
denies  evidence  which  is  bb  valid  as  that  whioh  formed  bis  pojnt 
of  departure.  There  must  be  certainly  some  middle  ground. 
There  must  be  some  significance  for  these  terms  which,  when  care- 
fully adhered  to,  will  prevent  one  truth  from  apparently  dashing 
against  another.  To  adjust  these  differences  by  a  consisteut  uae 
of  these  terms,  seems  to  be  the  most  reasonable  first  step.  It  can- 
not be  denied  that  there  is  such  a  thing  as  sedimentary  bedding 
and  banding,  but  this  should  be  followed  only  so  far  as  it  can  be 
diBtinguished  as  such,  leaving  all  beyond  to  some  other  p<»sible 
explanation.  There  is  also  with  equal  certainty,  such  a  thing  as 
a  "diabasic  structure,"  i.  e.  a  structure  resulting  from  orystalliza- 
tiou  from  a  molten  magma,  and  so  far  as  it  can  be  followed,  with- 
out essential  modification,  it  ought  to  be  allowed  its  full  force. 
When  its  typical  characters  fade  out.  and  the  rock  may  possibly 
be  ascribed  to  a  different  cause,  it  is  unfair  forcing  of  the  evidence 
to  insist  that  the  "  diabasic  structure,"  feebly  discernible,  shall 
interpret  the  whole  rock  mass  if  the  mass  exhibits  any  other  ad- 
verse structures. 
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In  the  fiflld  it  is  very  easy  to  distmRaiah  a  trae  sedimentary 
bandiiig(l)*  from  all  those  other  BtrDCtnrea  into  whioh  it  has  been 
snppoeed  to  gradnate,  and  wittk-whioh  It  has  tieen  confounded.  On 
the  weathered  snrfaoe  it  is  indicated  by  varying  shades  in  the 
oolor-bands  that  oross  the  surface,  and  on  close  examination  it  will 
be  foond  to  exhibit,  in  the  different  bands,  or  beds,  whioh  may  be 
of  any  thickness  from  a  sixteenth  of  an  inch  to  several  inches  or 
several  feet,  not  only  a  difference  in  the  sizes  of  the  constitnent 
grains,  bat  generally  a  difference  in  the  relative  abnndance  of  the 
same.  Usnally  free  qnartz  grains  will  be  foand  more  common  in 
some  of  the  bands  than  in  others,  giving  rise  to  lighter  colored 
and  harder  layers.  It  so  happens  that  very  freqaently  the  npheav-, 
ing  forces  which  have  caused  the  strata  to  exhibit  their  truncated 
edges,  have  at  the  same  time  sabjeoted  them  to  such  preesnre,  in  a 
parallel  direction,  that  the  same  rocks  fflthibit  a  finer  slaty  cleavage 
parallel  with  this  sedimentary  stmctore,  and  as  the  process  of 
weathering  brings  oat  the  slaty  cleavage  conspicnonsly,  while  the 
original  bedding  may  become  obeoare,  in  case  the  cleavage  direc- 
tion gradually  beoomee  discordant  with  the  bedding  the  observer 
is  liable  to  follow  the  cleavage  in  bis  measurements  of  dip  and 
strike,  ooder  the  impression  that  the  two  structures  are  essenti- 
ally concordant  This  straoture  which  is  dne  to  sedimentation 
has  another  oharacteristio,  viz:  The  coarseness  observable  in  any 
chosen  layer  of  the  roohmase  will  be  found  to  change  gradually  to 
one  of  considerable  finenees,  (and  vice  versa)  in  crossing  the  stmc- 
tore perpendicnlarly.  There  may  be  abrupt  transitions  from 
coarse  to  fine,  or  from  light  to  dark,  but  these  are  not  so  sure  evi- 
dences of  sedimentary  action  as  those  gentler  transitions  which 
sedimentary  materials  take  on  under  the  gently  changing  force  of 
currents.  These  oolor-bands  will  be  found  to  maintain  their 
oonrses  independent  of  all  other  struotores,  and  when  they  are 
not  parallel  with  the  ecbistoee  strootore  or  with  the  slaty  cleavage, 
the  schistio  straotore  and  the  cleavage  will  be  seen  to  take  on 
varying  charaotera  from  layer  to  layer,  as  they  cross  the  sedimen- 
tary beds.  In  general,  the  slaty  cleavage  ( as  well  as  the  schistose 
stmoture )  oeasee,  or  beoomes  lees  and  less  evident,  on  entering 
the  coarser  beds.  Indeed  it  appears  to  be  a  general  principle  that 
slaty  cleavage  only  oooars  in  clastic  beds  of  very  fine  grain.  Olas- 
tie  beds  that  have  great  uniformity,  through  grdat  thicknesses, 
both  in  oompoeitioo  and  in  fineness  of  grain,  when  subjected  to 
great  preeenre  in  two  or  more  direotionB,  and  especially  if  a  shear- 
ing movement  be  prodaoed  in  the  mass,  take  on  a  schistose  struc- 

*So.  1,  of  the  figure  on  page  18.  /^-^  i 
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tare  (2).  This  ooDBists  in  od  initial  prodnctioc  of  slaty  cleaT^;e  Id 
two  or  more  direotiona,  cntting  the  rook  into  rhomboidal  masses  of 
greater  or  less  fineaess.  Tlieae  rbombs  may  then  be  more  and 
more  elongated  in  a  nniform  direction,  all  the  oonstitaent  grains 
suffering  a  slight  distnrbanoe  and  sometimes  fraotnring  in  situ, 
some  of  the  finer  grains  or  fragments  streaming  oat  into  tails  in 
the  lea  of  the  coarser  grains.  When  the  stretching  ia  extreme 
there  is  apparent  a  peeado-Btreamed  stmotore,  and  even  a  close 
pseado-basaltio  joiutage,  which  gives  the  apparently  once  plastic 
mass  a  great  resemblance  to  trae  irrnptive  (platonio)  root.  This 
dynamic  action  results  at  first,  of  conrse,  only  in  a  partial  destroo- 
.  tion  of  (he  integrity  of  the  root,  and  of  its  embraced  mineral  grains, 
and  BO  far  as  it  ceases  before  safficient  heat  Ib  piodnced  or  con- 
centrated to  reoonstrnct  the  minerals,  it  is  entirely  a  degradational 
process,  and  fits  the  rocks  so  ^ected,  better  tor  the  destractive 
action  of  the  elements.  A  very  great  difference  is  observable  in 
those  oascis  in  which  the  shearing  movements  were  sufficiently  in- 
tense to  cause  fosion,  or  to  cause  a  reconstmotion  in  part  or  in 
whole,  of  the  minerals  of  the  rock.  (S)  This,  however,  is  a  phase  of 
the  snbjeot  which  will  have  to  be  considered  separately.  I  desire 
here  only  to  call  attention  to  one  important  fact,  which  distin- 
gniehes  the  schistose  structure,  and  slaty  cleavage,  wherever  pro- 
duced in  massive  rooks,  from  the  sedimentary  straoture  already  de- 
scribed, viz:  There  is  no  transference  of  the  oonstitnent  grains 
across  the  structure,  and  no  selection  of  the  coarser  or  of  the  more 
siliceous  portions  and  the  arrangement  of  them  in  separate  and 
continaous  bands  or  sheets  that  show  any  parallelism  like  that  of 
sedimentation.  Indeed  when  the  two  structures  are  seen  to  cross 
each  other,  they  are  always  very  different,  and  they  are  invariably 
contrasted  in  this  particular.  As  these  three  structures — or  more 
correctly  these  two,  since  sohistosity  is  an  extreme  and  confused 
development  of  cleavage — have  so  widely  different  origins,  and  can 
be  distingaished  by  so  obvious  a  character,  no  oompetent  observer 
onttht  to  confound  them,  and  in  the  choice  of  terms  he  ought  al- 
ways to  leetiiot  each  to  its  proper  object 

These  two  stmotures  are  both  found  in  nearly  all  the  crystalline 
terranes,  the  only  exceptions  being  those  rooks  which  are  plainly 
the  result  of  owiling  from  fusion  (4),  which  constitute  only  asnbor- 
dinate  part.  The  schistose  structure,  in  some  form,  pervades  all 
the  Archesn  complex,  inelnding  also  the  irruptive  rooks,  althongh 
it  is  plain  that  its  origin  in  the  irraptive  rocks  which  have  invaded 
the  fragmental,  ia  of  later  date  and  its  development  necessarily 
less  perfect,  than  in  the  fragmentals  themselves.    It  here  takes  od 
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the  f(»in,soinetdmeB, which  is  more  frftqnently  denominated  fi;Dei88io, 
as  it  is  found  in  eome  of  the  cTyatalliDe  ibBseJTee.  Beference  ie 
not  made  here  to  a  trae  iDtersheetedjSedimeatary  strnotnre(l),  aaoh 
ae  oharacterises  the  mioa  horoblendio  Bchists  aod'the  gneiseeB  iuto 
whioh  they  gradaally  pnas — sedimentary  rocks  re- crystallized  in 
gitu—hnt  to  a  homogeneoas,  or  nearly  homogeneous,  aoid  rock, 
^  evidently  the  resnlt  of  crystallization  from  a  molten  or  plastic  con- 
dition, classed  as  granite  or  syenite  ordinarily,  or  as  simply  gneioei 
Id  which  there  is  a  roaghly  parallel  strnotare  in  the  mass,  caused 
by  the  eloofjation  of  the  mineral  crystals  all  in  the  same  direction(6). 
This  is  a  very  feeble  "schistose"  stmctare,  and  onght  to  be  sepa- 
rated from  the  term  entirely,  as  it  is  doe  apparently  to  another 
OBQse,  viz.:  a  slight  flaxion  in  the  mass  while  the  otystals  were 
forming.  Again,  the  granites  carry  this  "gneissio"  strnotare  to  a 
still  greater  development,  and  it  is  apparently  some  form  of  the 
same  which  is  seen  in  a  kind  of  foliation  (6)  by  which  they  are  sepa- 
rable into  irregnlar  layers  or  sheets  from  an  inch  to  three  cr  foor 
inches  thick.  This  foliation  differs  from  the  gneissio  stmctare 
already  described,  in  having  a  bedded  rifting,  which  becomes  con- 
spicaoos  on  weathering  and  whioh  embraces  large  areas  in  a  com- 
mon Btrike  and  dip — while  at  the  same  time  the  layering  is  not 
ftttribatable  to  eedimentation,  of  which  it  does  not  show  the  char- 
aoteristio  color-t>aDds,  and  the  pecntiar  intergredatione  of  coarse- 
aees  and  finenesB.  This  higher  development  of  the  gneissic 
Btractore  may  be  attribated  at  present  to  saooessive  applications 
of  heat  at  differbnt  temperatoree  or  to  fluidal  flowsge  while  the 
mass  was  molten  or  plastic,  altboagh  it  has  been  taken  very  largely 
to  be  the  remains  of  an  original  sedimentary  etmotore.  Its  caase 
ie  still  problematic. 

In  respect  to  the  diabasic  or  ophitio  straotore  in  basic  eraptive 
rocks,  when  it  is  well  exhibited  there  are  perfectly  formed,  latb- 
shqied  plagioclase  crystals  disseminated  among  the  imperfectly 
formed  other  crystals  of  the  gronnd  mass.  This  stmctare  rarely 
appears  in  the  granitoid  acid  rocks.  When  it  does,  porphyritic 
crystals  of  orthoclase  with  idiomorphic  outlines,  are  sarroanded 
either  by  a  micro-pegmatite  of  qnartz  and  feldspar  or  by.  a  finer 
crystallization  of  all  the  regular  minerals  that  constitate  the  rock. 
In  either  class  of  recks  this  strffcture  is  considered  one  of  the 
sorest  evidences  of  the  igneoas  origin  of  the  rock:  The  amygda- 
loidal  stmctare,  which  is  produced  by  superficial  cooling,  is  also 
one  of  the  original  characters  of  igneoas  rooks,  although  there  is 
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produced  in  Bedimeutar;  strstn*  aometimeB,  wbea  inteiiBely  affected 
by  heat  and  preBsore,  bat  iiot  Teaching  foaioo,  a  spottedneag,  and 
even  a  partial  vesicalarization  in  which  certain  minerals  are  eegre-  . 
gated,  which  Btrobgly  resembles  the  trne  amydaloidal  stmotore  of 
igneons  rooks. 

If  the  foregoing  principles  be  applied  to  the  varions  forms  of 
gtrnctnre,  and  the  terniB  as  defined  above  be  employed  to  express  . 
them,  there  might  be  constrncted  a  tabulated  embodiment  of  this 
terminology  which  woald  take  the  form  seen  on  p.  17.  In  this  table 
the  uBual  characters  due  to  weathering  and  final  disintegration, 
and  to  kaolinization,  are  not  included.  The  table  is  designed  only 
to  express  those  Btructures,  both  original  and  secondary,  which  the 
Archean  Bedimentary  and  igneons  rocks  are  found  to  assume  in 
the  field,  and  to  ascribe  to  each  structure  its  canse,  and  some  of 
its  relations  to  other  stmctares, 


Fia.  1.     STRUCTURE  OF  CBYBTALLISES  BOCEB. 
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■Purker  Cleitveland  stated  In  1B2S  that  tbe  unifKdalDldal  Btruotun;  Is  sometlmea 
sppii  In  bedded  and  otayaj' Tooks,  or  "Indurated  forrujlnoua  clay."  "An  elomentmry 
treatise  on  luinerulogy  and  geology."— Vol.  11,  p.  TBS. 
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In  what  followa  we  shall  employ  these  terms  as  here  defined. 
We  must  insist  on  the  actuality  and  the  validity  of  both  of  these 
oharaoteristio  strnotares  as  they  appear  in  their  original  rooks, 
i.  e.  on  a  sedimentary  straotare  and  on  an  igneoos  stmotare^ 
beoanae  it  is  impossible  to  deny  the  existence  of  either,  and 
Therever  these  oontrodictory  stmctares  appear  to  exist  ootempo- 
laneously  in  the  same  rock-mass,  we  shall  try  to  find  some  means  of 
reconciling  the  contradiction,  or  to  show  that  the  supposed  exist- 
ence of  both  is  dne  to  either  an  incorrect  initial  underlying  phil- 
osophy, or  to  mistaken  obseryation. 

COMPAEATITE  VALUE  OP  MICROTCOPIC  AKD  FIELD  EVIDENCE. 

There  ia  an  essential  difFerence  between  the  evidence  de- 
rivable from  the  mioroeoope  and  that  which  comes  from  the 
atady  of  the  rocks  in  the  field.  At  firat  glance  it  would  seem  that 
there  could  be  no  misunderstanding  of  the  nature  and  relations  of 
this  different  evidence,  but  here  is  where  one  of  the  fundamental 
errors  has  been  committed.  It  is  in  the  nature  of  the  problem 
involved  in  the  study  of  the  oomplioated  stmotnres  and  relations 
of  some  of  the  Archeon  rooks,  that  the  difference  between  the 
mioroeoopic  evidence  and  that  derived  from  their  mocro-struotu  re 
shall  fn^nally  fade  out,  and  that  one  or  the  other  shall  usurp  the 
whole  field.  This  has  already  been  alluded  to.  It  is  plain, 
therefore,  that  the  two  investigators,  one  following  microscopic 
and  the  other  field  evidence,  on  a  certain  line  of  observation,  would 
certainly  reach  a  point,  where,  in  respect  to  a  certain  structure,  or 
a  certain  rock.mass,  they  would  be  at  point-blank  disagreement. 
That  is,  to  the  question:  la  ihia  a  sedimentary  rock?  One  would 
answer  yes,  and  the  other  would  answer  no.  It  is  in  such  a  case 
as  this  that  there  is  need  of  examining  into  the  underlying  prin- 
ciples through  which  these  different'  results  may  have  been 
reached. 

It  should  be  observed,  at  the  ontset,  that  the  microscope  takes 
cognizance  of  the  intimate  structure  of  the  rock.  Of  itself  it 
cannot  observe  the  maoro-stmctare,  nor  know  anything  about  it. 
It  cannot  of  itself  take  note  of  stratification  nor  of  schistosity  nor 
foliation.  These  are  objects  for  the  student  of  field  relations,  1  e., 
as  to  their  existence  or  non-existence.  On  the  other  hand,  the 
field  observer,  of  equal  capacity  and  veracity,  takes  no  notice  of 
the  intimate  structure — or  only  so  far  as  the  unaided  eye  can 
detect  it — and  derives  his  conclaeions  from  characters  which  are 
obvions.  In  each  line  of  observation,  the  experienced  observer,  or 
the  specialist  in  the  microscopic  phenomena  studied,  should  be 
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allowed  to  have  his  own  way.  His  determlDaHon  of  the  goratioiie 
atiBing  within  the  normal  sphere  of  fais  obaerratioQ  shoald  be 
allowed  to  stand.  It  is  only  when  one  or  the  other  transgresses 
the  iimits  of  his  specialty  that  his  ooDolasiona  may  be  qneetieDed 
in  case  of  conflict.  If  the  field-obHerrer  extends  his  theories  of 
sedimentary  stinctnree,  either  original  or  modified,  beyond  the 
limits  of  actual  observation,  in  contravention  of  the  ooDolaBione  of 
the  mioroscopist,  hie  theorieB  mast  give  way  to  those  of  the 
microBCopist.  If  the  mioroscopist  extend  his  theories  beyond 
the  limits  of  his  domain,  and  attempts  to  draw  conclosions  as  to 
megascopic  characters,  or  physical  strnctore,  in  contravention  of 
the  determinations  of  the'  field-geologist,  he  is  eqnally  outside  of 
his  legitimate  sphere,  and  his  resnlts  cannot  stand  against  those 
of  the  field-observer.  This  is  not  intended  to  shot  out  any 
individaal  geologist  from  exercising  the  right  to  employ  any  and 
all  lines  of  research  for  the  solution  of  all  the  problems  that  he 
has  to  solve.  It  is  only  intended  to  call  attention  to  the  different 
spheres  and  qnalities  of  the  different  kinds  of  evidence,  whether 
&eee  kinds  and  spheres  be  in  the  hands  of  different  geologists,  or 
both  in  the  hands  of  the  same  geologist.  Indeed  it  is  the  individ- 
ual geolt^st,  generally,  who  handles  both  these  sorts  of  evidence, 
who  is  driven  to  weigh  them  oaiefally  and  to  separate  between 
them  when  they  coUide.  It  is  for  the  satisfaction  of  the  individ- 
oal  geologist  that  this  contradictory  testimony  most  be  examined 
into,  and  each  given  its  legitimate  weight 

Now  the  ^stenoe  of  a  sedimentary  strnctnre  in  a  rook  is  one  of 
those  oatward,  megasoopic  characters  which  the  field-geologist 
only  can  be  allowed  to  prononnce  upon  with  authority.  The 
Btmotare  itself  in  any  normal  case  is  so  evident  that  none  will 
doabt  its  existence — the  doubt  that  arises  in  any  special  case  is 
that  of  its  genesis,  and  hence  whether  the  case  in  hand  be  a  true 
sedimentary  struotare.  The  field-geologist  can  perchance  trace 
the  struotare  back  by  degrees  to  rooks  that  show  it  in  unquestion- 
able perfection.  He  cannot  deny  the  testimony  of  his  senses.  The 
mieroBOOpisi;,  on  the  other  hand,  may  have  followed  his  minute 
oharaoters  with  eqnal  assaranoe  till  they  have  been  traced  into 
this  banded  rqok  and  he  now  affirms  that  this  is  not  a  true  sedi- 
mentary structure,  bat  is  one  produced  od  originally  irruptive  rook 
by  secondary  caoses,  such  as  preesnre,  shearing  or  brecciation  in 
parallel  lines,  followed  by  substitution  of  greater  amounts  of 
qiurtz  along  the  planes  of  brecoiation.  That  there  are  cases  of 
sach  contrariety  of  opinion  there  is  no  question  among  the  geolo- 
gists who  have  worked  among  the  crystalline  rocks.    We  presume 
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here  a  case  in  which  the  observers  are  both  oompetect  and  relia- 
ble,  and  whose  veracity  and  judgment  no  one  would  willingly  call 
in  qoestion.  It  is  evident,  however,  that  one  or  the  other  is 
wroDg.  It  is  the  desideratum  here  to  determine  which  is  correct. 
It  woald  seem  to  be  a  fair  adjustment,  other  things  being  equal, 
to  allow  each  obserrer  in  his  own  special  field  to  have  his  own 
way.  It  is  pertinent  then  to  inqnire  whether,  the  field-geologist  or 
the  miorosoopist  is  here  trespassing  beyond  the  limits  of  bis  legit- 
imate field,  and  osnrping  functions  that  do  not  belong  to  him. 
The  grand  Btmctoree  of  a  rock-mass  ore  observable  and  oompre- 
heosible  by  all  observers,  snd  they  cannot  be  misnamed,  oor  can 
their  sigoificanoo  be  reversed  by  anyone.  '  They  cover  and  precede 
all  miuater  inspection  by  the  mioroecope.  They  cannot  be  denied 
by  the  microscope.  If  the  microscopist  by  a  laborious  coone  of 
observation  tond  specolation  reaches  a  conclnaion  that  contravenes 
the  concloaions  correctly  based  upon  the  grand  rock  strootorea,  the 
microscopic  oonclosions  most  give  way  or  most  be  amended  soasto 
agree  with  the  tnith,  which  is  evident  to  everyone  or  which  is  the 
result  of  stady  of  patent  facts  correctly  interpreted.  In  the  some 
manner  sometimes  the  paleontol(^ist  exalts  his  reealts  above  those 
of  the  student  of  physical  stractnre  and  denies  some  of  the  moat 
obvious  traths  of  geological  saccession.  He  foi^ets  that  paleon- 
tology is  nothing  unless  it  be  preceded  by  stratigraphy,  and  that 
unless  there  be  a  predetermined  order  of  succession  in  rock  masses, 
his  paleontological  results  could  not  be  arranged  as  historical 
data.  In  the  same  manner  that  stratigTapby  involves  and  governs 
paleontological  reasoning,  bo  does  the  macro-physical  stmotore  of 
crystalline  rooks  govern  and  involve  the  study  of  their  mioro- 
stroctore. 

Now  let  us  take  a  oonorete  case.  Uufortonately  the  differenoea 
which  formerly  separated  the  platonist  from  the  neptunist  have 
not  been  reduced  materially  by  conoessioD  and  by  demonstration 
of  error,  on  one  side  or  the  other,  to  any  limited  group  of  rocks. 
Therefore  we  may  take  our  concrete  example  from  the  so-called 
greenstone^,  which  is  a  class  which  exists  in  nearly  all  parts  of  the 
world  where  the  Arohean  rocks  prevail.  We  will  choose  a  rook 
which  manifests  one  of  the  stracturee  whose  origin, is  in  dispute 
between  the  miorosoopist  and  the  physicist,  viz: 

1.      ACCORDINQ   TO  THE  HICROBCOPIST. 

A  rook  alternately  sohistoee  and  massive;  the  schistose  sheets 

being  much  more  broken  and  decayed,  in  their  granular  stmotore, 

than  the  massive  sheets,  and  having  a  distinct  parallelism  in  the 
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direction  of  the  conBtJtusnt  grains,  with  the  opbitio  Btraoture  oom< 
pletely  lost;  the  maseive  sheete  being  of  more  perfect  and  flrident 
crystalline  integrity,  and  having  the  ecbiEtuee  arrangement  seen  in 
the  grannlar  condition  of  the  aohiatose  eheeto  only  faintly  obeerr- 
able,  while  there  ia  preaerved,  with  more  or  less  distinctness,  an 
occasional  trace  of  the  ophitio  Btroctnre.  These  featnres,  as 
they  alternate,  prodaoe  on  the  sorface  of  the  rook  a  parallel  band- 
ing resembling  stratifioation  bande. 

2.      AOCX)RDINO   TO  THE  FIELD-DBS EBTER. 

A  stratified  greenBtone,  attemately  striped  by  bands  of  lighter 
and  darker  green.  The  schistose  character,  which  sometimes  is 
rather  a  slaty  cleavage,  is  more  evident  in  the  finer  beds  than  in 
the  ooaraer  ones,  or  wholly  disappears  in  the  latter.  It  does  not 
agree  in  direction  with  the  oonrse  of  the  stratifioation  bands,  bot 
eroeees  tbam  at  an  aoate  angle  which  angle  vanishes  as  the  fioer 
beds  grade  into  the  coarser,  also  chaoging  a  tittle  in  direction  so 
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aa  to  approach  Dearei  perptrndioDlarity  to  the  grand  beddiog— 
showing  apparently  a  sheariDg  pressure  to  have  been  its  cause. 


The  strootores  h^e  referred  to  are  illoBtrated  by  the  above 
figures,  which  are  taken  from  bulletin  No.  62,  of  the  U.  S.  Geol. 
sarvey  (Willisms),  where  they  are  referred  to  dynamio  metamor- 
phism  and  are  said  to  be  in  no  way  dependent  on  sedimentation. 
These  figores  ooold  be  repeated  many  times  in  the  cooise  of  a 
brief  examination  in  the  field.  These  oases  present  the  issneB 
feiirly.  It  remains  to  be  decided  whether  the  teatimony  of  the 
etadent  who  relies  on  his  miorosoope,  and  starts  ont  with  the 
idea  of  subordinating  his  facte  to  the  answers  it  may  give,  or  that 
of  the  field-observer,  who  only  studies  the  grander  stmotDres  and 
has  a  predisposition  to  explain  saoh  as  the  foregoing  by  referring 
them  to  sedimentation,  shall  here  be  received  with  the  greater 
credence. 

THE   PHILOSOPHY    OF  DIMAMIC   HETAHORPHISH. 

It  has  been  stated  already  that  the  term  metamorphism  is  ap- 
plicable to  these  rooks  whose  constitnent  grains  have  been  reoon- 
strocted  by  a  second  crystallization  by  the  action  of  heat,  pressure 
and  moisture,  a  process  the  reverse  of  weathering,  by  which 
mineral  grains  undergo  a  degradationsl  change.  But  the  term  "  dy- 
namic metamorphism "  has  been  applied  extensively  to  a  set  o{ 
changes  that  do  not  fall  within  the  meaning  of  metamorphism  as 
thos  defined.  It  has  been  employed  to  explain  the  struotarefl  aeea 
in  the  greenstones,  such  as  sohistoeity,  color-banding,  foliation, 
and  also  all  those  minute  imperfections  io  form,  and  the  chemical 
transitions  that  the  minerale  of  the  greenstones  exhibit  Hom~ 
blende  wholly  or  partly  converted  to  chlorite,  is  a  degradationsl 
change.    SauBsoritization,  a  decay  in  a  plagiocloee  feldspar,  ia  a 
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degrsdation&I  change.  Augite  oouverted  to  hornblende  is  a  step 
toward  ultimate  disiategrBtion  and  decay;  ilmeoite  changed  to 
lencoxene,  or  to  aphenB,  is  on  the  road  to  decomposition  and  lose. 
Orthodose  kaolinized  ia  ready  to  disappear  on  the  approach  of  the 
feeblest  physical  disturbance.  These  alterations,  all  of  which 
in  other  rock-niaseee  are  attribatable  witboat  question  by  any  one 
to  weathering  and  destmctive  agents,  are  assigned,  as  stated  by 
some  miorosoopists,  to  "dynamic  metamorpbism,"  which  therefore 
would  be  a  metamorpbism  in  the  opposite  direction  from  that 
which  is  usually  onderatood  by  the  term.  There  is  no  inherent 
valid  objection  to  the  use  of  the  term  in  this  sense,  so  long  as  it  is 
clearly  understood  what  kind  of  a  change  is  meant  by  it.  The. 
most  important  point  to  be  considered  in  the  application  of  the 
term,  is  whether  the  assumed  cause,  if  it  should  be  found  to  have 
operated,  could  produce  the  effeots  which  are  seen,  and  whether  it 
is  the  only  cause  which  ooold  produce  those  effects.  The  foroes  of 
dynamic  metamorpbism  as  defined  and  applied  are  whoUy  me- 
ehanioal  and  then  chemical.  Heat  and  moisture  are  not  inolnded. 
Shearing  pressure,  direct  pressure,  stretching  and  fracture  are  all 
appealed  to. 

There  seems,  however,  to  be  an  apn'ori  inconaiatenoy  in  snppos. 
ing  that  mechanical  force  can  be  applied  in  auffiaient  intensity  to 
cmsh  or  partly  crush  a  rock-maaa  and  yet  not  to  produce  a  per- 
ceptible degree  of  heat  And  there  ia  much  room  to  doubt  the 
poeeibility  of  such  crashing  in  any  natural  rook-moss  within  the 
super  crust,  without  the  presence  of  moisture.  While  it  is  appar- 
ent oo  every  hand  that  great  deformations  have  taken  place  under 
the  action  of  mechanical  forces,  producing  upheaval,  atretching, 
faulting,  brecciation,  cleavage  and  aohiatosity,  it  is  equally  appar- 
ent that  where  these  changes  have  token  place  in  their  greatest 
intensity  the  rocks  have  been  fused  and  reorystallized;  many  ex- 
amples could  be  given.  Hence  it  is  evident  that  where  these  forces 
have  acted  to  produce  tees  mechanical  deformation,  there  was  a 
smaller  amount  of  developed  heat,  but  not  an  absence  of  it.  If  me- 
chanical force  be  applied  therefore  to  a  rook-maas,  with  shearing 
friction  so  OS  to  disturb  the  grains  in  respect  to  each  other  or  to 
cmsh  some  of  them,  the  inevitable  effect  of  the  heat  which  is  gen- 
erated thereby  is  not  a  degradational  one,  bat  a  reconstructive  one. 
and,  aside  from  the  more  easy  weathering  that  might  be  a  oonse- 
qoence  when  such  rocks  were  exposed  locally  to  the  action  of  the 
elements,  the  crystal  grains  would  be  strengthened  in  their  chemi- 
cal bonds,  and  perhaps  built  out  afresh  in  their  natnral  contours. 
It  a  degradational  change  be  generally  observed  throughout  the 
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inteiior  of  sneh  rocke,  it  is  nnreasonsble  to  ftttribute  it  to  meobaDi- 
cal  force  per  se  operating  to  break  tbe  grains.  It  mnat  be  ex- 
plained by  appealing  to  some  other  oanse. 

Again,  tbe  pbiloaophy  of  dynamic  metamorpbiam,  if  not  at  fault 
f  tuidameutally,  mnat  explain  a  singnlar  anomaly.  Tbe  greenstones 
as  a  body  everywhere  are  younger  than  the  crystalline  sobistB  as  a 
body,  bat  they  grade  into  each  other  imperceptibly,  passing 
tbroQgh  the  intermediate  stages  of  sericitic  schists  and  gray  wackes. 
The  greenstones  and  their  appendages,  the  chloritic  schists,  mast 
have  shared  in  no  mechanical  tranaformations  to  vbich  the  nnder- 
lying  crystalline  schists  were  a  stranger.  It  wonld  be  a  j^ysical 
impossibility  to  snbjeot  the  overlying  schists  as  a  body  to  dynamic 
metamorphism,  (pressure,  shearing  and  crushing)  without  includ- 
ing the  lower  schists,  and  if  the  forces  of  dynamic  metamorphism 
be  accountable  for  thesemi-deoayedfronditionof  the"greens^neB," 
why  was  not  that  change  wrought  also  in  the  crystalline  schists? 
Oq  tbe  contrary  the  crystalline  schists,  normally,  are  fully  and 
perfectly  crystalline  still — as  perfectly  crystalline  as  any  granite  < 
or  gneiss,  only  differing  from  the  great  mass  of  the  Archean  gneiss 
in  physical  structure,  or  iu  the  relative  amounts  of  the  ooutained 
nuDerals. 

THE   aInohaLOOB  OHASACTESS  OF   THE  0BEEM8T0NES   kSD  THE 

ORBEN  aOHlSTS. 
No  thoughtful  student  of  the  crystalline  rocks  can  fail  to  note, 
as  long  since  claimed  by  T.  Sterry  Hunt,  an  order  of  succession  in 
the  relative  abundance  of  certain  minerals  that  constitute  the 
Archean  rock-masses.  He  hence  also  notes  an  order  of  succession 
of  kinds  of  rocks.  In  Minnesota  this  order  has  been  found  to  be 
the  same  as  that  worked  out  in  Saxony,  Italy,  western  France, 
Soendinavia  and  Great  Britain.  The  same  succession  has  been 
pablished  by  Lawson  for  tbe  crystalline  rocks  of  Manitoba.  In 
eacb  case  there  is  a  body  of  grnenstones,  associated  with  obloritic 
and  aerioitio  schists,  which  forms  the  summit  of  the  Archean  ter- 
ronces.  In  other  words,  it  has  been  found  that  there  is,  first,  a 
great  series  of  acidic  crystalline  granites  and  gneisses  at  the  bot 
ton),  these  sometimes  exhibiting  unmistakable  evidence  of  fusion 
and  displacement  among  later  bedded  schists,  and  hence  looelly 
overlying  the  schists.  These  thoroughly  crystalline  rooks  are 
followed  by  a  series  of  equally  crystalline  schists  which  contain 
much  mica  and  hornblende,  and  vary  from  acidic  to  basic.  In  the 
upper  portions  of  these,  which  are  here  distinctively  called 
"  crystalline  schists,"  there  is  an  increasing  amoant  of  nbn-orystal- 
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line,  OT  semi-cry Btallioe,  maitere,  and  bere  the  detritiiB  has  been 
found  to  oonBist  very  largely  of  anmistokable  voloanifl  toffs,  inter- 
mingled  minntely  with  ohemioslly  precipitated  silica.  Somewhat 
higher,  bat  concected  by  a  series  of  oonformable  gradations,  both 
stratigraphic  and  petrographic,  are  the  greenstones  and  cbloritio 
BofaietB.  So  far  as  known  these  constitnte  the  highest  portion  of 
the  prs-Taoonio  oomplez.  As  a  grand  division  of  the  Artihean  they 
approach  nearest  of  all  the  Arohean  rocks  in  their  miDerslogio 
characters,  as  well  as  in  their  physical  stmctnres,  to  the  well- 
known  oharaotera  of  basic  ernptiveB.  It  is  a  remarkable  fact 
that  the  first  detrital  depositions  of  the  Taoonic  sea,  which  lie  no- 
conformable  aboTe  these  greenstones  and  chloritio  sohiste,  and 
which  extend  further  back  and  also  overlap  in  the  same  manner  the 
crystalline  schists  and  the  older  gneisses,  are  highly  acidic  nor- 
mally, although  affeotAl  locally  by  debris  referable  directly  to  the 
rook  underlying  or  to  volcanic  tuffs.  It  appears,  therefore,  that 
the  greenstones  are  interposed  with  their  anomalous  mineral 
characters,  chronologically  between  two  epochs  whose  rock-forma- 
tiona  were  domioated  by  more  acidic  characters.  It  appears  also 
that  on  the  lower  side  there  is  a  grndnal  transition  from  the  oldest 
addio  into  this  highly  basic,  but  that  on  the  upper  side  the  trans- 
ition is  abnipt  from  the  highly  basic  to  the  highly  acidic  accom- 
panied by  a  widespread,  pronoanoed  aDconformity  of  stratigrspby. 
It  is  this  general  semblance  of  the  greenstones,  as  a  body,  aod  the 
identify  of  some  portions  of  them  aotaally,  with  well-known 
characters  of  eruptive  diabases,  which  famishes  the  most  evident 
and  powerful  ailment  for  their  derivation  from  true  irruptives 
throngh  a  series  of  long-continaed  so-called  "dynamic"  changes, 
and  which  is  the  chief  obstacle  to  the  neptusist  in  his  attempt  to 
assign  them  to  an  nqueons  origin. 

There  is  a  great  significance  in  this  anomalous  mineralogioal 
character  of  the  Kawishiwin  phase  of  the  Keewatin,  and  in  the 
nature  of  the  transitions  to  it  from  above  and  below.  In  general 
it  points  to  a  gradually  increasing  force  in  that  agent,  whatever  it 
was,  which  gave  origin  to  the  "greenstone"  element  of  the  Keewa- 
tin,  and  to  a  rather  sudden  culmination  and  cessation.  It  fartLer 
points  to  such  a  shrinkage  of  the  bulk  of  the  earth's  land  surface, 
compared  with  that  of  the  water  area,  that  the  ocean's  wateru  pre- 
vailed over  large  areas  which  had  before  l>een  dry. 
THE  NATURE  OF  THE  CAUSES  WHICH  GATE  OHIGIN  TO  THE  CRYS- 
TALLIME  ROCKS. 

It  has  been  customary  to  apeak  of  the  crystalline  rocks  as  a  unit, 
and  to  refer  their  ezistence  to  the  operation  of  a  single  force.    In 
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&  broad  sense  ib  may  be  legitimate  to  refer  them  to  one  oanse— -the 
refrigeration  of  the  earth — or  to  the  action  of  gravitation  in  its 
epeoializations — bat  as  geologists  ve  are  boand  to  ingaire  more 
dbsely.  So  long  aa  we  knew  of  no  widespread,  or  even  local,  serial 
sacoesaion  in  these  rocks  we  ooold  bat  speonlate  on  them  as  a 
whole.  But  since  now  they  may  be  difFeientiated  into  gronpe  hav- 
ing marked  distiogaishing-  oharooteristios,  it  is  iuoambent  on  ns 
to  find  a  cause  for  each  group.  In  has  been  one  ol  the  striking 
facts  in  the  history  of  geology  that  geotc^ists  have  speoialized 
more  and  more,  in  their  observationa,  and  have  been  compelled  to 
separate  their  generalizations  into  several  parts,  applying  only  a 
part  of  their  former  ideas  to  some  special  phenomena,  and  being 
compelled  to  recognize  new  principles  in  order  to  explain  the  rest. 
There  is,  however,  one  great  feature  which  binds  the  Arcbean 
rocks  into  one  great  group,  and  which  indicates  that  they  have 
shared  in  one  sense  in  a  common  history.  They  have  been  up- 
heaved and  pressed  together  in  sharp  folds  so  that  now  they  pre- 
sent everywhere  in  Minnesota  (and  tke  same  is  true  of  the  whole 
iKorthweet  and  for  Canada)  their  trancated  edges  vertically,  or 
nearly  vertically,  to  the  observer.  After  this  npheaval  and  trun- 
cation they  were  submerged  beneath  the  Taconic  ocean — at  least 
the  Taconic  strata  now  lie,  in  nttitade  sometimes  horizontal,  uncon- 
formable upon  them,  presenting  one  of  the  most  notable  and  wide- 
spread instances  of  unconformity  of  stratigraphy.and  one  of  the  most 
remarkable  changes  in  lithologioal  characters.  In  the  sense  then  of 
constituting  a  "floor"  on  which  the  admittedly  clastic  strata  repose, 
those  rooks  may  be  classed  as  a  unit,  and  may  be  said  to  occupy  a 
single  period  in  the  earth's  geognosy  entirely  unique  and  separate 
from  all  the  other  periods.  Yet  when  we  look  at  the  series  by  itself  we 
soon  see  that  there  is  no  other  ^qnal  amount  of  rock- material  in  the 
purview  of  the  science  of  geology  which  presents  so  numerous  and 
so  great  contrasts  of  composition,  and  yet  which  presents  a  greater 
persistence  in  the  orderly  snccession  of  its  main  parts.  We  are 
forced  therefore  lo  note,  as  the  first  element  in  the  nature  of  the 
forces  that  evolved  the  crystalline  rocks,  that  they  were  not  local 
in  their  extent,  but  were  apparently  world-wide,  and  as  sooh  suc- 
ceeded each  other  in  their  operation. 

Secondly.  Although  there  is  a  profound  stratigraphio  break  be- 
tween the  Taconic  and  the  uppermost  member  of  the  "Arohean 
floor,"  yet  it  is  plain,  by  the  existence  within  the  Taconic  of  rooks 
of  the  same  nature  as  those  of  tbe  "greenstone"  stage  of  the  Kee- 
watin,  that  the  close  of  the  Archean  did  not  witness  the  suppression 
of  the  characteristic  forces  of  the  Keewatin.    Those  forces  (plainly 
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those  vhioh  gave  origin  to  basic  eraptire  msteriidB)  simply  waned 
after  the  Taoonio  began,  and  finally  ceased  to  have  any  marked  ef- 
fect on  the  clastic  sedimente. 

Thirdlff.  As  the  banding  and  sohistosity,  and  the  elevatory 
morementB  which  gave  the  Arohean  rooks  their  present  position 
and  trend,  forming  aeitain  geographic  areas,  all  of  which  took 
place  in  Arohean  time,  hare  a  general  paralleliam  with  the  strike 
and  the  areal  increments  o£  the  Taoonio  rocks  in  their  present  dis- 
tribation  at  the  snrfaoe,  there  was  a  continuation  oJE  the  Arohean 
genetic  forces  into  the  Taoonio — t.  e.,  those  forces  whioh  give  rooks 
their  eleration  and  strike,  and  a  persistent  order  of  growth  to 


Fourth.  The  order  of  succession  already  mentioned  from  the 
volcanic  Keewatin,  giving  birtb  to  its  basic  debris,  downward  with 
a  gradnal,  and  not  a  sadden  transition,  to  the  aoidio  gueissee,  shows 
a  very  gradnal  waning  of  the  eraptive  forces  in  descending  order, 
and  points  to  some  other  force  than  eraptioa  for  the  origination  of 
the  basal  Laorentian  gneisses. 

As  the  primarily  eraptiTe  basic  toffs  of  the  Keewatin,  dis- 
triboted  like  sediments  in  the  Keewatin  sea,  assume  some  character, 
istio  new  mineralogic  features  on  passing  oonfurmsbly  into  the 
"erystalline  acbists"  below,  there  is  proof  {fifth)  that  the  deeper- 
seated  portions  of  these  schists  have  nndei^ne  some  later  transfor- 
mation which  the  apper  portions  did  not  experience,  and  that,  there- 
fore they  have  been  acted  npon  by  some  reconstraoting  agents  whose 
seat  and  ooaroe  are  from  below.  Ae  this  force  had  a  similar  eEfeot 
OQ  the  aoidio  poridona  of  the  Keewatin,  when  aaaooiated  with  the 
basic,  and  as  these  acidic  elemente  gradually  become  per  decensum 
the  acidic  elements  of  the  mica-hoinblendic  schists,  and  finally, 
increasing  over  the  basic,  become  the  characteristic  element  of  the 
gneisses,  we  can  trace  the  continuation  of  a  force  or  forces  from 
Uie  Keewatin  back  into  the  Laorentian,  such  not  only  that  they 
oonld  give  origin  to  the  common  acidic  element,  but  coald  later 
transform  it  into  the  acidic  oiystalline  gneisses. 

It  is  necessary,  therefore,  to  recognize  various  forces  concerned 
in  tlie  production  of  the  elements  and  the  cryatalline  structores  of 
the  basal  rocks,  and  it  is  necessary  further  to  allow  them  to  act  in 
a  sort  of  Bucoession.  As  to  the  nature  of  the  materials,  however, 
they  are  primarily  reducible  to  two  kinds — very  acidic  and  very 
basic  standing  at  the  extremes  of  the  stratigraphic  order.  Every- 
thing between  oonsists  of  gradations,  atratigraphically  conformable, 
between  these  two.  The  eruptive  force  whioh  was  most  powerful 
ia  the  ptodootion  of  these  basic  ro<^  at  the  close  of  the  Arohean 
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Boaroely  sotied  st  all  at  the  beginniDg,  or  at  least  it  left  do  records, 
and  that  foroe  whioh  transformed  the  lower  materials  into  or^Btal- 
line  forms  was  different  from  and  acted  later  than  those  whioh 
gave  them  origin.  It  is.  neoesaary  also  to  acoonnt  for  a  sadden 
oessatioD,  or  at  least  a  remarkable  reduction  in  the  activity  of  vol- 
canic forces  jnat  before  the  opening  of  the  Taoonio,  and  for  that 
TmiTersal  cnim[Jing  and  idmoei  rertiosl  attitade  which  the  Arohean 
strata  exhibit 
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II. 

FIELD  NOTES  OF  N.  H.  WINOHELL. 

In  1690. 

Northern  Pacific  Junction.  Slate  quarries  of  Dieiz  and  Da- 
gan;  sboat  three  miles  north  of  N.  F.  Janotion,  Oct.  16.  Oftloa- 
reoiu  bat  soft,  rnsty  lomps  appear  herein  the  BRme  maoner  as  at 
N.  P.  Jimctioa,  and  at  the  falls  of  the  VermilioD,  northwest  from 
Sndbury  in  Ontario,  famishing  a  strong  lithologioalbondofidenitf 
of  age.  These  Inmps  were  first  notioed  here  by  Dr.  T.  Bterry  Hant, 
on  oooasion  of  an  exonrsion  of  the  Amerioan  Aseooiation  for  the 
Adranoement  of  Science,  from  Minneapolis,  in  1883.  These  oal- 
eareons  lamps  are  ot  dark  gray  color  within,  approximating  the 
color  of  the  slatee,  bnt  they  are  granular  and  orystalline.  They 
decay  sapwfioially  and  become  spongy,  aoqoiring  a  darlcer  shade. 
(Compare  rook  samples  1691,  1607  and  1616.) 

The  slate  extends  at  least  to  Cloqnet,  and  is  all  of  the  same 
formation,  at  least  from  th^qaarry  of  Dietz  and  Dagan.  U  dips 
id  opposite  directions,  showing  several  great  antiolinals,  the  in< 
clination  being  frequently  75°— 90°,  and  rarely  lees  than  50°.  This 
refers  not  to  the  cleavage,  which  traTerses  the  sedlmentatioD,  bnt 
to  the  sedimentary  bedding.  The  general  color,  when  fresh,  is 
pnrplish-black,  but  on  weathering  .this  varies  from  gray  to  green- 
ish-gray, with  fleckingB  of  lighter,  this  lighter  flecking  appearing 
where  the  ro6k  is  of  coarser  grain.  The  calcareous  lamps  extend 
all  the  way  to  Cloqaet. 

N.  P.  Jnnction,  Oct  17.  I  have  looked  over  this  formation  with 
a  view  of  learning  certainly  whether  it  be  of  the  Taconic  or  the 
.  Eeewatin.  I  had  rather  expected  to  see  some  resemblance  to  the 
Keewatin,  on  looking  it  all  over,  bnt  bo  far  ae  the  west  side  of  the 
river  is  ooncemed,  I  do  not  think  I  can  say  I  have  seen  any  Kaii- 
watin.  There  are  some  portions  of  the  Keewatin  that  resemble 
this  rook,  bat  so  far  as  I  have  ever  observed  they  are  a  very  small 
and  nnimportant  part,  and  are  associated  with  lithologioal  featarea 
on  which  they  depend,  which  are  wanting  here.  This  is  nearly  all 
a  tme  slate,  with  a  cleavage  obliqae  to  the  bedding,  tfaoagh  in  two 
instances  I  saw  them  coincident.    The  slate  is  not  all  soitable  for 
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eooDomio  porpoees  as  roofiDg  elate,  bot  maoh  of  it  is — L  e.  bo  far 
as  the  quality  and  the  grain  of  the  rook  is  ooDcemed.  It  is  mooh 
jointed,  and  that  fact  may  interfere  with  the  praotioal  develop- 
meilt  of  slate  in  a  profitable  industry.  This  rook  in  general  poB- 
seases  a  sameneas  of  lithoiogical  oharacter  oyer  large  areas,  and  in 
this  respect  oontrasts  with  the  Eeewatin  which  osnally  is  mooh 
more  obangeable.  It  also  poaaeeses  everywhere  a  distinct  fresh 
sedimentary  strnotnre  with  ripple  and  other  water  marks.  Aootber 
feature  that  allies  it  with  the  Taoonio  is  the  prevalence  of  those 
dark  oaloareons  lamps  or  seoretionB.  These  are  the  same  that 
Drs.  Hunt  and  Dawson  supposed  to  oontain  traces  of  a  keratoee 
sponge,  and  whioh  Dr.  Selwyn  pointed  ont  as  "snow-shoe  traoks" 
— so-called  by  the  Indians — wheie  their  weathered  oontoor-fonos 
appear  on  the  slates  at  the  Vermilion  river  in  the  region  northwest 
from  Sndbnry,  Ontaria  On  the  exposed  surfaces  these  masses 
are  dark  brown  and  soft,  from  decay,  and  often  present,  when  not 
subjected  to  friction  at  the  same  time,  a  suggestive  resemblance  to 
a  semi>  vesicular  structure,  the  preserved  mesh  or  net  work  that 
stands  out  beyond  the  softer  parts  Iwing  due  to  some  trace  of  a 
more  siliceous  matrix.  When  these  lumps  are  Eresh  they  are  gray, 
crystalline,  apparently  consisting  essentially  of  lime,  in  which,  in 
some  parts,  the  small  crystals  of  caloite  are  visible  in  compacted  mar- 
morized  structure.  Bat  there  is  also  a  layered,  conoentric,  rather 
coarse  structure  reminding  one  of  Cryptozoon,  across  whioh  perpen- 
dicularly thereisatranBversejointage,orvery-£ne  "basaltic"  disin- 
tegration. This  perpendicular  transverse  disintegration  is  beet 
characterized,  as  tar  as  observed,  in  a  layer  that  is  nearest  the  out- 
side, involving  a  thickness  of  about  one  incli.  These  limestone 
masses  are  in  the  midst  of  thp  finest-grained  slate,  and  extend, 
with  more  or  lees  frequency,  from  the  N.  ?•  Junction,  where  they 
were  first  seen  in  1883,  to  Enife  Falls  (Cloquet),  indicating  that 
this  is  all  of  one  formation,  and  allying  it  with  the  slate  seen  on 
the  Vermilion  river  in  Canada.  They  also  seem  to  answer  to  some 
of  the  limestone  "lentilles"  which  have  been  described  by  Mr. 
Marcou  in  the  Taoonio  elates  in  Vermont  After  considerable 
search,  however,  it  has  not  yet  been  possible  to  say  these  masses 
are  fossiliferoas  at  this  place.  These  limestone  masses,  broken 
and  erratic  as  they  appear,  may  be  the  remaining  trace  of  the  gray 
limestones  of  the  Animikie  at  Thunder  bay  and  at  Gunflint  lake. 
It  may  be  that  under  other  circnmstanoeB,  and  in  other  plaoea, 
they  would  be  found  to  increase,  so  as  to  become  more  oontinaonB, 
and  oonstitnte  limestone  beds  like  those  seen  on  the  north  side  of 
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Qnnflmt  lake.  In  every  reepect,  so  far  as  color,  stmotare,  oompo- 
aitioii  and  tendency  to  deoompoeition,  aa  well  as  associated  rock- 
strata  can  indicate  it,  theae  are  the  same  as  those. 

As  between  this  elate  and  that  seen  at  the  crossing  of  the  Ver- 
milion river,  northwest  from  Sudbury,  there  is  aperfect  correspond- 
ence, and  there  oa&  be  no  qaestionof  idenityof  stratigraphy.  Bere 
the  tracing  to  the  Taoonic,  through  the  parallellzation  by  Irving 
and  others,  of  the  oiigin^  Hnronian  with  the  Animikie  is  more  an- 
broken,  though  more  circuitous.  The  above  notes  pertain  to  the 
rooks  seen  on  the  west  side  of  the  river  at  N.  F.  Jonotion. 

Northern  PaciHc  Junction,  Oct  17,  1890.  After  writing  the 
forgoing  a  re- examination  was  made  of  the  prominent  ridges  of 
slate  immediately  at  and  east  of  the  depot,  but  still  west  of  the 
river,  oortb  of  the  railroad  track.  Here  the  first  thing  noticed  was 
the  manner  of  distribution  of  these  limeetone  masses.  There  is  a 
plain  confirmation  of  the  idea  that  they  are  the  analogue  of  the 
limestone  layers  of  the  Ounfiint  region.  Mot  only  are  they  num- 
erous, varying  in  size  from  a  peck  measure  to  a  walnut,  but  they 
mu  in  belts  coincident  with  the  sedimentary  structure,  and  in  one 
instance  they  make  a  continuous'  layer,  somewhat  nodular,  that  ex- 
tends for  33  feet  at  least,  and  maintains  a  thickness  of  about  two 
inches,  but  vanishes  toward  the  east.  The  layer  is  marked  by  a 
rusty  surface  coating  which  is  nothing  but  the  rusty  ozidatioD  seen 
on  such  lock  at  Gunflint  lake.  As  limestone  it  is  not  pure,  but  very 
firm,  gray  and  slate-colored.  Except  for  its  weathering  out  rap- 
idly it  oould  hardly  be  distinguished  on  the  rock  surface.  It  makes 
numerous  elongated,  lenticular  holes  over  the  surface,  the.  origin 
and  significance  of  which  were  not  noted  in  any  previous  visit  to 
this  locality. 

Besides  the  old  ThompsoB  test  of  the  slates,  the  test  of  the  St. 
Paul  and  I>aluth  B.  B.,  about  two  miles  south  of  Cloquet,  and  the 
recent  one  of  Dietz  and  Dagan,  there  is  now  l>eing  made  what  will 
be  a  moBt  thorough  test  by  the  C.  E.  Nelson  Lumber  Oompany,  of 
Cloquet,  at  about  a  mile  and  a  half  south  of  Knife  B'alls.  It  is 
near  the  railroad,  where  an  east  and  west  ravine  crosses  it  The 
plan  is  to  make  at  first  a  shaft  about  75  or  100  feet  in  depth  for  the 
purpose  of  proving  the  character  of  the  rook  at  that  depth  below 
thesoiface. 

On  the  east  side  of  the  river  the  graphite  locality,  mentioned  by 
Schoolcraft,  is  on  n  e  i,  n  e  i,  sec  31,  lot  1,  about  4  miles  north  of 
TbcmsoD,  near  the  river,  and  near  a  creek,  which  enters  the  river. 
It  is  now  owned  by  H.  H.  Hawkins,  G.  d'Antremont  Jr.  and  D.  V. 
Seotb    The  vein  in  which  graphite  is  found  is  about  12  inches 
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wide.  It  amooDts  to  bat  little.  Some  work  has  bedn  done  re- 
cently OQ  the  veiD,  the  reBalting  excsvation  beiDg  aboat  20  feet 
deep.  The  veia  itself  is  oae  of  qau-tz,  oattiDg  the  alates,  and  has 
much  associated  plnmbagiDOOB  matter.  Becent  work  was  of  no 
avail  to  show  its  importaoce.  The  tormatioa  here  looks  like  the 
rook  westward  from  Pigeon  p'oiot  oa  the  int^natioDal  boandary. 

A  little  below  (bat  nearly  opposite)  the  foot  of  the  large  island 
which  is  opposite  the  graphite  looality,  is  a  basic  dyke  about  25 
feet  wide,  coming  in  diagonally  across  the  rirer  bank.  It  rons 
north  10°  east,  and  is  coarse-grained  in  general,  bat  fine-grained 
at  the  side,  having  basaltified  and  hardened  the  slstes.  This  may 
be  in  extension  of  a  great  dyke  noted  on  the  west  side  of  the  river 
some  years  ago  not  far  from  the  slaty  Fortress  island. 

The  river  roars  with  rapids  much  of  the  way,  and  at  |  of  a  mile 
farther  sonth  there  is  a  fall  of  abont  six  feet.  At  aboat  two  miles 
north  from  Thomson  is  a  massive,  light-weathering  bat  gritty, 
rather  ooarse-grained  stratum  in  this  formation;  and  this  also  oon- 
tains  the  rasty  calcareons  masses  noticed  in  the  fine-grained  slates. 
This  oalcareoas  mass  ooald  hardly  be  distingnished  from  the  rock 
in  which  it  is  embraced  except  for  the  rosty  spot  which  it  oaasea 
on  the  weathered  sorfaoe  (1616). 

Apparently  the  old  portage  trail  rnns  along  near  bere,  near  tbe 
river,  from  Fond  du  Lao  to  Knife  Falls.  I  imagined  I  put  my  foot 
in  the  same  niches  over  the  rock  ridges  that  Schooloraft,  Hough- 
ton and  Boutwell  stepped  on,  and  where  thousands  of  furriers  and 
Indians  have  stepped  for  more  than  200  years  on  their  trips  from 
Winnipeg  to  Montreal. 

The  first  rook-cut  in  gabbro,  east  of  Thomson,  is  a  short  ^  mile 
east  of  Short  Line  Park  station,  where  the  "Dalnth  deep  well"  was 
drilled  aboat  1700  feet  in  search  for  gae.  (SeeBolletin  No.  5). 
This  is  the  station  for  old  Fond  da  Lao,  and  a  number  of  Indians 
here  leave  the  train,  with  some  half  breeds,  for  that  old  town. 
They  asserted  that  the  old  trail  from  Fond  do  Lac  rans  about  foar 
miles  farther  east  than  where  the  graphite  locality  is  known  near 
the  river,  crossing  the  railroad  (short  line)  at  about  one  mile  west 
of  the  Short  Line  Park  station.  Tbis  gabbro  is  like  that  at  Bice's 
point,  and  the  spur  rons  southwest  from  the  main  belt  There  are 
also  several  other  spurs  further  east.  From  this  cut  rises  toward 
tbe  east  and  northeast  a  marked  precipitous  range  of  gabbro.  The 
track  bags  the  foot  of  this  range  with  occasional  outs,  nnti]  it  has 
passed  the  head  of  a  deep  ravine,  and  then  swings  south  to  pass 
another  spur,  with  several  gabbro  cuts  farther  east  as  it  descends 
to  the  terrace  fiats  of  the  St.  Loais  river. 
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At  the  station  called  Snrgent,  a  short  distaoce  east  oE  Dalath, 
the  luaal  "trap"  of  the  region  uoderliea  the  sarfoca  at  ttte  depth 
of  a  few  feet.  The  excavations  for  water  works  are  priooipslly  in 
red  day,  bat  freqoeDtly  encoante/  this  rook,  which  is  there  well 
exposed  by  the  blasting  and  catting.  It  is  reddish-brown,  and  in 
flome  places  amygdaloidal  with  oalcite,  and  at  the  same  time  has 
^Bsemiaated  fine  red  crystals  of  some  feldspar.  On  some  favora> 
ble  fractares  this  feldspar  baa  the  form  of  twinned  tablets  of  some 
plsgioolase,  bat  generally  it  is  not  evidently  twinned,  bnt  so 
crowded  and  compressed  that  no  cleavage  can  be  characterized, 
though  evidently  a  cleavable  mineral.  It  apparently  also  ia  dis- 
seminated in  finer  forms  thronghoat  the  mass  of  the  trap.  The 
rock  therefore  is  sparingly  porphyritic,  and  conspicnoasly  and 
coarsely  amygdaloidal  with  calcite.     1615  is  the  aliove  rook. 

[UTOTB.  Host  of  the  field  notes  of  1890  were  Incorporated  la  the  re- 
port on  the  "Iron  Ores  o(  Mtnoesota,"  Bulletin  VI,  1891.  See  also  the 
u^companying  list  of  rock  samplesl. 


ADDITIONAL  ROCK  SAMPLES  NT:MBERED. 

[to  ILLC8TEATE  NOTES  OF  N.  H.  WISOHELL], 

In  1890. 

1607.  Galcarooos,  soft,  rusty  lomps.  Dietz  and  Dogao's  slate 
qnarriee,  abont  three  miles  above  K.  P.  Joaotion.  (See  also  1616.) 

1606.  From  near  the  old  saw  mill,  a  short  distance  north  of  the 
the  last  A  square  slate  piece  showing  lime  seams  on  each  side — 
ioints  that  cross  the  slates  in  too  great  frequency  for  the  good  of 
the  eoonomic  outlook. 

16U9.  A  fragment  from  an  almost  onweatbered  lump  of  the 
calcareons  concretions  abounding  in  these  slates,  broken  from  the 
hard  fresh  slates  at  the  old  trial  quarry  of  the  St  Paul  and  Daluth 
R.  R,  abort  1^  miles  south  of  Cloquet 

1610.  Sliver  from  the  slate  showing  fine  ripple  marks.  Coarser 
ripple  marks  and  other  water-marks  are  oommon. 

161LClChipping  from  one  of  the  calcareons  nodnles  from  the 
slates  at  N.  F.j  Junction  east  of  the  village,  north  of  the  east  and 
vest  railroad.  This  cams  from  about  the  same  place  as  that  from 
which  Dr.  Hunt  obtained  the  specimens  in  which  were  thought  to 
be  mmains  of  a  keratoee  sponge. 
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1612,  ChippiDg  from  one  of  the  lighter-colored  silicaooB,  thicker 
bade  in  the  ridgee,  six  inoheB  thick,  north  and  east  from  the  B.  B. 
junction. 

1613,  Same  as  1612,  from  a'layer  20  feet  thick.  When  fresh 
tfaie  is  dense. 

1614.  Graphite  and  gnartzoee  slaty  rook,  from  the  "graphite 
yein,"  N.  E.  i,  N.  E.  J,  sec  31.  lot  1,  T  49-16. 

1615.  Slightly  porphyritio,  and  amygdaloidal  trap,  from  Sar- 
gent, east  of  Daluth,  from  the  trenches  dag  for  water-works. 

1617.  Samples  of  iron,  from  Gamp's  land,  S.  W.  ^,  sec.  33,  a 
mile  sonthwest  of  Ely. 

1618.  Ore  from  the  narrow  magnetic  belt  on  Camp's  land,  S.  W. 
^,  sec.  33,  abont  a  mile  soathwest  of  Ely.  {Iron  ores  of  Minne- 
sota, pt^  202.) 

1619.  Loadstone  ore  said  to  have  oome  from  the  same  place  aa 
1618.     (Iron  oros  of  Minnesota,  page  202.) 

1620.  A  "quicksand"  which  is  encountered  at  the  bottom  of  the 
pits  in  thd  Anderson  location,  near  Ely.  It  is  very  fine-grained 
and  clay  like.  Are  the  grains  angular,  and  referable  to  disinteg- 
rated jaspilyte? 

1621.  In  the  greenstone  of  one  of  the  ridges  on  the  S.  W.  \, 
seo.  33,  about  a  mile  sonthwest  from  Ely,  is  the  indefinite  rook 
which  has  been  described  in  this  region — neither  greenstone  nor 
graywaoke.  In  the  midst  of  it  is  a  harder  and  more  siliceous 
area,  which  seems  to  be  only  a  phase  of  it,  represented  by  1621. 

1622.  A  boulder  was  taken  oat  from  one  of  the  pits  by  Mr. 
Camp,  which  represents  another  phase  of  the  greenstone,  but  this 
is  not  seen  in  place  anywhere  about  here.  It  may  hare  come  from 
north  of  Long  lake.  It  is  one  of  those  ooarsely  crystalline  (frag- 
mental)  greenstones,  with  free  quartz  grains  and  pyrite,  and  seenos 
to  consist  largely  of  plagioolase  and  hornblende. 

1623.  Qlobnlar  and  nodular  miitore  of  the  white  kaolinio  and 
red  bematitio  soft  rock,  the  two  not  mingling  so  as  to  stain  eaob 
other  though  in  immediate  oontaot  From  the  dump  of  the  Chand- 
ler mme.  This  loiolin  seems  to  be  one  of  the  very  early  oonstita- 
ents  of  the  rocks  of  the  reg^tm,  and  not  the  result  of  reoent  changei. 

1621.  Fragment  of  the  amygdaloidal  scale  that  surrounds  the 
Toloauio  bombs  seen  in  the  rook-oat  at  Ely,  and  some  of  the  ma- 
trix. 

It^.  Some  of  the  dark-green  schistose  rock  that  fills  the  inter- 
spaces between  Ute  bambs. 

1^6.  A  piece  of  the  bomb  from  toward  tlie  centre,  away  &oin 
the  amygdaloidal  crust     (American  Oeologist,  Tol.  ix,  p.  359.) 
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INTBODUOTION. 

In  the  Bammer  of  1891  the  writer,  sooompaDied  by  Mr.  Herbert 
B.  Wood  and  one  Indian  oaaoetnan,  spent  the  greater  part  of  the 
months  of  Augost  nnd  September  in  examining  oertain  granitic 
arew  in  Lake  and  Cook  ooontieB,  Minnesota.  The  areae  Tieited 
sre  four  in  nnmber,  and  may  be  dietingnisbed  as  the  folloTing : 
(1)  the  Eawishiwi  river  area,  which  extends  from  the  diviaion  of 
the  Eawishiwi  river  in  T.  63-10  west  and  soathwest  for  a  oonsid- 
erable  distance;.  (2)  the  Snowbank  lake  area,  whioh  is  mostly 
confined  to  the  islands  and  shores  of  Snowbank  lake;  (3)  the 
Eekeqnabio  lake  area,  in  the  immediate  vicinity  of  the  lake  of  this 
name ;  (4)  the  Saganaga  lake  area,  in  whioh  the  larger  port  of 
Sagsnaga  lake  liee.  The  object  of  the  examination  was  more  to 
aiady  the  age  and  origin  of  these  granite  maaseB  and  to  ascer- 
tain their  relation  to  the  Borroonding  rooks  than  to  make  any 
minute  stody  of  the  stmctnree  and  variations  of  the  gramtes 
themselves. 

The  present  paper  is  simply  an  aooonntof  the  phenomena  as  seen 
ID  the  field,  supplemented  by  bat  a  small  amoant  of  laboratory 
Btady,  A  number  of  the  rooks,  especially  the  normal  faoies  oi  the 
different  types,  have  been  examined  in  titin  seotioo,  and  oonsider- 
&ble  pn^ees  has  been  made  towards  a  systematic  study  of  one  of 
these  areas— that  of  Eekeqoabic  lake.  The  writer  hopes  in  the 
near  fatore  to  be  able  to  give  a  more  complete  aooonnt  of  the 
different  rooks  of  this  iDtoresting  area,  both  stratographioally  and 
petrographioatly. 

On  Boooont  of  the  incomplete  character  of  the  work  and  the  lack 
of  soffioient  time  in  the  preparation  of  this  report  it  is  thonght  best 
not  to  give  a  detailed  description  of  each  area  nor  to  make  any 
generalizations  oonoerning  the  region  studied.  However,  it  will 
not  be  amiss  to  say  a  few  words  as  to  the  results  reached  thos  far. 
In  the  parts  of  Uie  foor  areas  studied  there  has  been  seen  no 
evj^enoe  of  a  transition  from  the  semi-crystalline  and  crystalline 
Bchists  to  granite.  On  the  other  hand  there  is  abundant  evidence 
to  prove  the  trae  irmptive  oatore  of  these  granitic  rocks  into  the 
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BorroQuding  Be4)meDtB,  notwitbetanding  the  fact  that  these  granites 
have  been  deBoribed  as  granitoid  gneisses  formed  from  the  meta- 
morphiam  of  certain  elastics  and  now  seen  to  pass  imperoeptiTsly 
into  these  same  elastics.*  The  gneissic  and  so-called  "  bedded  " 
straotore  in  these  rocks  is  not  nearly  as  common  as  has  been  sup- 
poaed,  in  fact  the  asnal  etractare  is  truly  granitic.  The  Kawishiwi 
river  "  granite,"  where  studied,  is  a  hornblende  syenite,  as  is  also 
that  aroond  Snowbank  lake.  The  Saganaga  granite  is  a  very  ooarae 
hornblende  granite.  The  granite  aroimd  Kekeqoabio  lake  is  a 
pyroxene  granite,  and  associated  with  it  is  a  peonliar  pyroxene 
granite  porphyry. 


PABT  I.    RECORD  OF  FIELD  OBSERVATlONa 

In  giving  the  township  and  range  in  the  following  notes  the 
township  is  always  north,  and  the  range  is  always  west  of  the 
fourth  principal  meridian,  Minnesota,  unless  stated  otherwise. 
The  betuiingB  given  refer  to  magnetio  north,  no  oorreotion  having 
been  made  either  for  general  or  local  variation.  When  giving  the 
strike  aod  dip  of  slates  reference  is  always  had  to  the  lamination, 
imless  otherwise  stated.  As  a  role  the  edges  of  the  different 
granite  areas  have  been  studied,  as  here  only  could  the  relations 
to  the  BorToonding  rooks  be  seen. 

EAWKHIWI  BITEB  ABBA. 

The  examination  of  this  area  was  confined  entirely  to  its  eastern 
end,  and  most  of  the  notes  were  taken  in  the  sontheth  half  of 
T.  63-10. 

Pickerel  lake. 

Pickerel  lakef  is  a  small  body  of  water  out  by  the  line  between 
sees.  24  and  26,  T.  63-11,  and  sees.  19  and  80,  T.  63-10.  The 
shore  where  visited  waa  found  to  be  made  of  a  more  or  less  massive 
rock,  which  in  all  the  reports  on  this  region  has  been  called  green- 
stone or  greenstone- Bohist.  From  the  little  bay  of  the  Kawishiwi 
river  in  the  N.  E.  i  of  S.  W.  J  sec.  25,  T.  6^11,  a  portage  leads  to 
the  southwest  corner  of  this  lake.  The  southern  half  of  the  port- 
age shows  angular  blocks  of  mioa-Bchiat,  probably  not  far  removed 
from  their  original  position,  and  the  northern  one-third  of  4he 
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portage  is  over  a  ridge  of  rather  mMaire  greenetone  represented 
by  Noa.  302,  803  and  301,  the  latter  from  tbe  lake  shore.  No.  303 
is,  however,  more  like  an  altered  graywaoke  and  is  qaite  echistoae. 
The  greenatone  extends  all  along  the  Bonth  efaore  of  the  lake.  It 
is  shown  by  No.  305,  which  is  very  dark-green  and  sobiatoBe,  and 
ocoQTs  jnst  east  of  the  portage.  Ma  306,  mure  compaot  and  silici- 
OQS,  and  No.  307.  which  was  taken  from  the  ontlet  of  the  lake  in 
the  N.  E.  i  of  N.  W.  i  aeo  30.  T.  63-10.  At  the  east  end  of  the 
lake  joat  eoath  of  the  aection  line  the  rock  is  greun,  very  toagh  and 
masaiTe;  it  preeenta  tbe  appearance  of  a  consolidated  volcanic  ash 
(No.  308).  Only  one  spot  (8.  W.  J  of  8.  W.  J  aeo.  19,  T.  63-10) 
on  the  north  shore  of  the  lake  was  examined;  here  the  rook  is  a 
fine  giained  mBssive  greenstone  (No.  309). 

A  section  was  made  from  this  lake  sonth  along  a  trail,  which  is 
almost  on  the  rfioge  line,  to  the  Kawisbiwi  rirer.  Several  low 
ridges  were  crossed,  tbe  general  trend  of  the  ridges  being  east  and 
west  Jost  sonth  of  tbe  lake  there  are  no  ontcrops  seen,  bat  a  low 
ridge  of  fine  grained  compact  greenstone  ( No.  2199 )  is  soon  reaobed. 
This  ro<A  is  ont  in  every  direotion  by  minnte,  branching,  yellow  and 
pink  veins;  it  shows  no  atmctnral  lines,  bat  appears  perfectly 
massive.  On  going  farther  sonth  the  rock  becomes  schistose,  this 
straotnre  being  vertical  and  running  east  and  west  It  ie  oat  hy 
a  small  dyke,  fonr  or  five  feet  wide,  of  a  qaartzless  porphyry  (No. 
300).  This  rook  held  a  small  piece  of  the  greenstone,  which  is 
very  schistose  at  the  dyke  walls,  otherwise  not  being  different  from 
that  farther  away.  The  dyke  rans  almost  east  and  west  and  was 
traced  rather  disooonectedly  for  fifty  feet  No.  301  shows  the  con- 
tact of  the  two  rooks.  Fu^er  sonth  occnr  several  outrrope  of  a 
finely  laminated  sobistoee  rook  (No.  310)  which  approaches  a  mica- 
aohist.  Tbe  lamnie  have  been  twisted  considerably  in  places,  bnt 
the  general  strike  is  east  and  west  and  the  dip  is  veitioal.  This 
rock  oontinnes  nearly  to  tbe  quarter  poet,  but  just  Iwfore  reach- 
ing this  a  rather  ooarse  grained  red  syenite  is  seen  (No.  311). 
Tbe  hornblende  is  roughly  arranged  in  elongated  spots,  thas  giv- 
ing to  the  rock  a  decidedly  gneissic  structure,  which  runs  east  tmd 
west  and  stands  nearly  vertical.  Associated  with  this  syenite 
are  small  areas  of  a  fine  grained  granitic  rock  (No.  312).  This 
gueiesic  syenite  continnes  abont  half  the  distance  from  the  quarter 
post  to  the  Kawiahiwi  river  and  then  assumes  a  darker,  finer 
grained  aspect  (No.  ^13)  with  the  hornblende  much  more  abundant 
than  in  No.  311,  It  now  contains  fragments  from  one  inch  to  sev- 
eral feet  in  length  of  a  dark  mica-aohist  (No.  314);  these  frag- 
ments are  mostly  lens-shaped  and  their  outlines  are  distinct    The 
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syesite  also  holds  maay  veins,  ap  to  ten  inches  noroes,  of  a  rather 
fine  grained  biotite  granite  (Na  316).  At  this  place  the  gneissic 
etrootiire  in  the  syenite,  the  long  axes  of  the  mica-schist  fragments 
and  the  general  direction  of  the  granitic  Teins  are  northwest  and 
Bontheaat.  Mioa-Bcfaist  sow  extends  to  the  river  and  also  oooors 
on  the  little  point  in  the  S.  W.  i  of  S.  W.  ^  sec.  30,  T.  63-10;  here 
a  little  baok  from  the  shore  is  a  low  ridge  of  the  schist  (Mo.  316) 
which  strikes  80°  W.  of  N.  and  dips  N.  66°.  In  it  is  an  irregular 
vein  of  very  fine  granitic  rock  (Na  317). 

Clearwater  lake. 
Clearwater*  lake  lies  almost  entirely  in  sec.  32,  T.  63-10,  with  a 
small  bay  projecting  into  the  E.  ^  of  K.  E.  i  sec.  31.  Except- 
ing a  small  area  at  the  northwest  corner  of  tiie  lake  near  the  port- 
age north  to  the  Kawishiwi  river,  the  shores  are  composed  of  red- 
dish syenite  which  is  quite  constant  in  oharaoter.  In  the  S.  W.  ^ 
of  N.  W.  i  sec.  32,  the  syenite  shows  an  irregnlar  flow  strnotore, 
which  is  more  evident  here  than  elsewhere  on  the  lake,  althooi^ 
seen  in  several  other  places.  It  twists  considerably,  bat  stands 
about  vertical  and  its  general  trend  is  east  and  west.  No.  387 
shows  this  strnotare  very  well,  altkoogh  the  lines  are  not  osnally 
as  near  together  and  as  distinct  as  on  this  specimen.  The  syenite 
of  thislake  is  well  represented  by  Nob.  338  and  339,  the  former 
ooming  from  the  same  locality  as  Na  337,  and  the  latter  from  the 
extreme  northern  end  of  the  little  bay  that  extends  into  the  8,  W. 
4  of.S.  E.  ^  see.  29.  The  rock  is  microscopically  a  rather  coarse 
grained  ^gregate  of  hornblende  and  reddish  feldspar  in  about 
equal  amounts. 

Where  the  line  be- 
tween sees.  32  and  31 
cnta  the  north  shore  of 
the  lake  the  syenite  is 
seen  mixed  in  with  mioa- 
scbist  See  Fig.  1.  The 
schist  is  much  twisted 
and  the  syenite  exhibits 
the  flowage  stmcture  as 
shown  by  No.  337.  Most 
of  the  syenite  here  is  of 
^^-.^  H1..C.  \>^if,^f.  the  usual  character,  but 
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in  eomd  areas  it  ia  of  a  finer  grain  (No.  340).  Just  west  of 
this  place  the  syenite  and  mica-scliiBt  are  seen  in  contact.  The  ft 
Bchist  is  mnoh  distorbed  and  tvisted  and  the  dip  and  strike  oonld 
not  be  aooorately  determined,  bnt  the  general  trend  is  a  little  aoath 
of  east  with  a  very  high  northerly  dip.  The  contact  is  irregalar, 
but  sharp,  and  is  shown  in  the  specimens  numbered  341.  No. 
342  is  the  syenite  within  a  foot  of  the  oontaci 

At  one  place  on  the  portage,  running  northwest  from  the  lake, 
and  in  several  places  on  the  shore  in  the  E.  ^  of  N.  E.  J  sea  32, 
*  there  is  a  dark  green  rock  (No.  343)  which  is  a  coarse  grained  ag- 
gr^fate  of  hornblende  with  a  small  variable  qaantity  of  feldspar. 
It  presents  a  very  roagfa,  jagged,  weathered  surface.  It  is  cat  by 
vein-like  stringers  of  reddish  syenite  (No.  344)  similar  to  the  ordi- 
nary syenite  of  the  region,  by  a  gray  variety  (No.  345)  of  the  same 
and  by  a  small  trap  dyke  (No.  346).  The  last  is  but  four  inches 
wide  and  was  traced  for  fifteen  feet;  it  is  probably  a  very  fine 
grained  diabase.  A  section  of  No.  344,  at  the  contact  with  the 
hornblende  rock,  shows  the  former  to  be  composed  of  a  granular 
aggregate  of  (1)  an  almost  opaque  feldspar,  which,  notwithstand- 
ing its  alteration,  shows  some  tracee  of  polyeynthetic  twinning,  (2) 
afresh  feldspar  with  abundant  twinning  lamellee  and  (3)  a  few 
pieces  of  green  hornblende;  the  two  feldspars  are  in  about  equal 
amounts.  The  small  part  of  the  horobleude  rock  in  the  section  is 
seen  to  be  made  up  almost  entirely  of  green,  highly  pleochroio 
hornblende;  a  small  amount  of  the  altered  feldspar  id  also  present. 
The  two  rocks  are  seen  to  be  separated  quite  sharply  even  in  thin 
section. 

Mr.  Wtxxl  examined  the  shores  of  the  small  lake  in  the  N.  ^  of 
Bee.  31,  T.  63-10,  and  found  thorn  to  be  composed  of  the  same 
syenite  as  is  seen  on  Clearwater  lake.  At  the  southwest  comer  of 
this  small  lake  he  found  fragments  of  mioa-sohist  embedded  in  the 
Byesite. 

South  branch  ofiKe  Kawiahhci  river  in  T.  63-10  and  T.  62-10. 

Qoing  north  from  the  river  nearly  on  the  line  between  sees.  6 
and  6,  T.  62-10,  the  syenite  is  seen  to  be  cut  by  irregular  small 
dykes  or  branching  veins  of  a  hornblende  rock  (No.  349)  similar  to 
that  mentioned  above  (No.  343).  These  veins  cut  the  syenite  in 
every  direction  and  their  outlines  are  very  sharp  and  distinct,  es- 
pecially on  weathered  surfaces.  The  syenite  here  varies  somewhat, 
acd  as  a  mle  is  darker  colored  than  that  seen  elsewhere  in  this 
vicinity;  it  is  represented  by  Noe.  347  and  348.  The  syenite  on 
the  river  shore  near  the  above  mentioned  section  line  is  also  some.         , 
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what  finer  grained  aud  darker  than  IB  usual  (Nos.  350  and  851). 
On  the  north  shore  ot  the  river  in  the  S.  W.  ^  N.  W.  ^  aeo.  5,  T. 
62-10,  ia  a  rather  coarse  grained  diorite  (Noa.  352,  353  and  354); 
it  is  more  than  half  made  np  of  green  hornblende,  and  the  feldspar 
is  white  or  grayish, — the  rook  thas  standing  in  sharp  oontraat  to 
the  sarroanding  syenite.  The  relations  of  the  two  rooks  were  not 
seen  here,  but  the  diorite  probably  is  the  some  as  the  hornblende 
vein  rooks  described  above,  althoogh  in  this  plaoe  th«  diorite  may 
possibly  represent  a  basic  faoies  of  the  syenite. 

No.  356,  from  the  8.  E  J  of  N.  E.  J  sea.  5,  T.  62-10,  well  repre-  - 
Bents  the  syenite  in  this  immediate  vicinity;  it  is  a  rock  of  mediam 
grain,  reddish  in  color,  and  composed  of  a  fleeh-oolored  to  reddish 
feldspar  and  hornblende;  the  latter  makes  ap  abont  one-third  of 
the  rook.  Going  aoath  along  the  river  in  sees.  5,  4  and  9,  the  sye- 
nite, as  a  rule,  becomes  finer  grained  and  in  some  places  holds  bio* 
tite  instead  of  hornblende. 

At  the  north  end  of  the  portage,  N.  W.  ^  of  S.  W.  ^  see.  9,  T. 
62-10,  JQst  at  the  water's  edge,  is  an  oatcrop  of  mediam  grained 
hornblende  granite  (No.  356);  the  qnartz  makes  ap  aboat  ooe- 
fonrth  of  the  rock.  This  is  evidently  a  part  ot  the  syenite  of  the 
region,  bat  is  the  first  seen  that  contains  macroscopic  qoartz  grains 
in  any  amoant.  About  one- third  way  across  the  portage  the  coarse 
grained  grey  gabbro  (No.  357)  common  to  this  region  is  seen. 
This  was  traced  west  of  the  portage  to  within  200  feet  of  the  sye- 
nite, bat  low  ground  with  no  exposures  intervened  between  the  two 
rocks.  Here  the  syenite  is  fine  grained  and  micaceoos,  as  is  shown 
by  Nob.  358  and  359,  the  former  being  more  properly  a  biotite 
granite.  The  syenite  is  cut  by  small  dykes  or  veins  of  a  fine  grained 
red  aplite  (No.  360)  composed  almost  entirely  of  a  red  feldspar  and 
qaartz.  The  gabbro  retained  its  coarse  grained  obaraoter  as  near 
to  the  syenite  bb  it  was  found. 

The  east  side  of  the  rapids,  in  9.  W.  i  sec.  9,  T.  62-10,  was  care- 
fully examined  in  order  to  study  the  relations  of  the  syenite  and 
gabbro,  but  nothing  conclusive  was  seen.  The  syenite  here  is 
shown  by  Nos.  361  and  362,  both  rather  fine  grained  and  mioaceoaa. 
Between  the  syenite  and  gabbro  were  found  Nos.  363  and  364,  the 
former  partaking  of  the  characters  of  the  syenite  and  containing 
large  quantities  of  a  dark  mineral,  probably  hornblende;  the  latter 
is  finer  grained  and  very  dark  in  color.  There  were  no  continuoos 
exposares  connecting  the  syenite  and  gabbro.  At  the  foot  of  the 
rapids  I  found  several  angular  blocks,  apparently  not  far  removed 
from  their  original  position,  of  a  fine  grained  purplish  rook,  prob- 
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ablya  porphTiite  (Na  365).  Mr.  Wood  examined  the  west  aide 
of  tbe  rapids,  bnt  oonld  not  find  the  gabbro  and  syenite  near  eaoh 
other. 

The  vest  shore  of  the  river  in  sees,  hi,  35  and  26,  T.  63-10,  is 
made  np  of  the  ordinary  syeoite,  which  varies  somewhat  in  the 
UDoiint  of  hornblende  it  oontaina,  as  seen  in  Nos.  306  and  367.  Na 
366  is  qnite  dark  in  oolor  and  the  hornblende  makes  np  more  than 
one-half  of  the  rook, — this  faoies,  however,  is  exceptional.  No,  367 
is  maoh  lighter  colored  and  is  at  least  threfr-fonrths  composed  of 
feldspar.  No.  368,  from  the  S.  W.  1  of  sea  34,  fairly  shows  the 
syenite  along  this  shore;  it  is  composed  of  fleeh-ooloied  to  red 
feldspar  and  blaok  hornblende,  the  latter  making  np  perhaps  one- 
third  of  the  roek.  This  rook  is  of  a  medium  ooarse  grain.  In  sec- 
tion it  is  seen  to  be  a  granitic  aggregate  of  orthodaae,  hornblende 
and  qnartz.  The  orthoolase  is  gray  and  asnally  ehows  a  oloodi- 
nen  due  to  alteration;  a  few  of  the  grains  show  polysynthetic 
twinning  lamellae.  The  hornblende  is  the  ordinary  green,  tughty 
pleodiroio  Tariety,  and  is  completely  allotriomorphic;  it  has  alta«d 
in  some  places  to  chlorite,  bi4  elsewhere  appears  to  be  qoite  fresh. 
Quartz  is  eoattered  throngh  the  whole  section,  bnt  is  not  noticea- 
ble maoroeoopioally;  it  presents  the  characters  of  ordinary  granitic 
qoartz.  It  oocorB  oftentimes  in  polysomatia  areas,  and  a  large 
number  of  the  grains  show  decided  ondolatory  extinction.  The 
qnartE  makes  np  lees  than  ten  per  cent,  of  the  whde  rock.  Apa- 
tite, sphene  and  magnetite  are  the  accessory  minerals;  they  all 
occur  in  only  small  amoont  The  apatite  is  in  both  short,  stout 
and  long,  slender  prisms.  The  ephene  and  magnetite  show  no 
charaoteristio  crystal  ontliras. 

Carefol  saaroh  was  made  for  mica-schist  along  this  shore,  bat  no 
trace  of  it  was  fonnd. 

Xorfk  branch  of  the  Kawishiwi  river  in  T.  63-10  and  sec.  19,  T. 
63-9. 

Ur.  Wood  went  south  from  the  river  about  on  the  west  line  of 
nc.  31,  T.  63-10,  tat  aboat  half  s  mile.  He  reported  mioa-Bohiet 
(No.  318)  all  the  way,  bnt  in  a  few  places,  eopeoially  just  south  of 
tiie  river,  a  green  sobistose  rock  (Na  319),  probably  a  condition 
of  the  greenstone,  was  seen.  From  this  section  line  he  went 
northeast  to  the  bay  in  the  8.  £.  \  of  S.  W.  \  of  sec.  30,  bnt  saw 
DO  rook  in  situ  except  the  mica-echist. 

The  little  promontory  on  the  south  side  of  the  river  in  the  N. 
£.  i  of  a  W.  1  sec.  30  is  made  up  of  red  syenite  (No.  820).  This 
is  a  rather  ooarse  grained  rook  and  ib  some  places  it  shows  a  dis- 
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tioot  gneissio  anaDgement  of  the  f  eldbpar  and  homblend&  It  is 
oat  by  a  dyhe  of  a  dark  homblendio  rook  (Mo.  321)  ;  this  dyke  is 
Terti<sal  and  Taries  from  ten  inohes  to  two  feet  in  width;  it  rana  a 
little  Bontb  of  east  and  was  trHoed  for  fifty  feet.  The  west  end  of 
the  portage  aoroaa  this  promontory  ia  in  the  mioa-schist,  bat  the 
line  betwem  the  Bohist  and  ayenite  boou  oroeaes  the  portage  and 
rana  a  little  south  of  the  bay  in  the  S.  W.  ^  of  a  E.  i  of  aeo.  30. 
The  two  tooka  were  seen  in  aetaal  contact  jost  north  of  the  port- 
age; there  was  no  transition  from  one  to  the  other,  the  line  be- 
tween them  being  goite  distinct.  The  ayenite  was  finer  grained 
and  grader  in  color  near  the  contact ;  this  is  shown  by  Nob.  822  to 
326  which  were  taken  within  a  distance  of  two  feet.  The  last  one 
was  tOQching  No.  326  which  is  anmistakably  part  of  the  mioa- 
Bcfaist  No.  327  is  the  mioa-schist  near  to  the  last  and  No.  328 
represents  it  a  few  feet  from  the  seyenite.  The  line  of  ccmtact  was 
Tertioal  and  rather  irregalar,  the  syenite  nsaally  followed  the  di- 
rection of  the  schistosity,  bat  in  some  places  broke  across  it  for  a 
few  inches.  On  the  portage  a  few  loose  blocks  were  seen  which 
showed  both  rooks  in  sharp  contact  ^a  329);  howerer,  it  is  not 
certain  that  these  blocks  had  not  been  moved  some  distance. 

The  west  shore  of  the  river  in  the  £.  i  of  sec  30  is  almost  all 
syenite,  but  .about  the  center  of  the  shore  line  some  mioa-schist  is 
seen  mixed  with  the  syenite.  The  latter  extends  in  vein-like 
branches  into  the  former  and  also  encloses  piecea  of  it.  Mr.  Wood 
went  from  this  place  west  to  the  stream  that  enters  the  river  in 
the  8.  E.  i  of  N.  W.  1  sec.  30  and  reported  syenite  all  the  way. 
He  also  foand  a  fine  grained  diorite  dyke  (Na  330)  in  the  syenite  ; 
this  ran  north  and  soath,  was  ten  feet  in  width  and  was  traced  for 
sixty  feet  He  also  reported  many  inolosiona  in  the  syenite,  of 
which  Nob.  331  and  332  are  samples  ;  the  former  is' a  dark,  rather 
fine  grained  diorite,  the  latter  a  fine  grained  silioions  schist. 

At  the  rapida  in  the  S.  E.  i  of  N.  E.  ^  aec  30  the  river  flows 
over  angular  syenite  fr^ments.  On  the  east  shore  of  the  river 
in  the  same  ^  sectitm  mica-aohiat  and  syenite  are  seen  in  contact 
There  is  not  as  sharp  a  line  here  between  the  two  rocks  as  at  the 
above  described  loc^ty ;  the  change  from  one  to  the  other  oconrs 
within  one  or  two  inches ;  Nos.  333  to  3S6  represent  this  change, 
the  first  three  of  these  were  taken  within  a  distance  of  three 
inches. 

The  point  in  the  N.  E.  |  of  sec.  26  is  made  ap  of  the  ordinary 
coarse  red  syenite  of  the  region,  bat  on  the  north  side  of  this 
point,  aboat  the  center  of  the  secticm,  is  a  dark,  rather  coarse 
grained  diorite  ( No.  369 ).    Maciosoopioally  this  is  seen  to  consiat 
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of  iiomblende  and  a  white  feldspar,  the  former  in  larger  amoant 
thaa  the  latter.  Under  the  mioroeoope  the  feldspar  is  seen  to  be 
very  highly  altered  and  in  only  a  few  plaoes  is  it  fresh  enongh  to 
show  traoes  of  pol^synthetio  twinning  ;  the  hornblende  ie  of  the 
ordinary  green  variety  and  is  extensively  changed  to  chlorite  and 
§ome  few  flakes  of  biotite.  The  relation  of  this  dioriie  to  the 
Bymite  of  tbe  region  was  not  determined,  bat  the  impression  is 
that  this,  is  a  basio  faoies  of  the  syenite.  The  diorito  is  oat  by  a 
fine  grained  trap  dyke  (No.  370)  and  also  by  a  light  reddish  fine 
grained  granite  (No.  371).  The  last  appears  in  quite  an  amount 
and  axtends  along  the  south  shore  of  the  river  as  far  aa  the  west 
end  of  the  island  in  the  B.  £.  i  of  N.  W.  1  sec.  26.  A  short  dis- 
tanoe  beyond  this  the  diorite  is  seen  in  oontact  with  a  fine  grained 
gray  granite  (  No,  372),  which  is  probably  a  part  of  the  same  rook 
aaNo.  371.  The  diorite  here  (No.  373)  has  both  red  and  white 
feldspar  and  Bsems  to  be  rather  intermediate  between  the  ordinary 
syenite  and  the  diorite  described  above  (No.  369).  thus  indicating 
the  probalde  identity  of  the  two  rooks.  Na  374  shows  the  two 
rooks  (Nob.  372  and  373)  in  contact ;  the  line  is  very  sharp  and 
^tinot,  \m\  at  this  place  nothing  was  seen  to  indicate  the  telatiTe 
agee  oi  the  two.  The  diorite  oontinnea  along  the  shore  in  the  8.  W. 
i  oE  aaa.  26,  and  in  some  plaoes  becomes  lighter  colored  as  shown 
by  No.  375.  In  a  westerly  facing  diorite  oliff  (N.  W.  ^  of  a  W.  ^ 
see.  26)  are  three  small  dykes,  about  a  foot  wide,  ronning  diagon- 
ally up  the  cliff  towards  the  north.  No.  376  was  taken  from  one 
oi  these  dykes  ;  it  is  a  dark,  rather  fine  grained  rock,  composed 
ahnoBt  entirely  of  hornblende. 

At  the  Bontfaem  end  of  the  bay  in  S.  W.  i  of  S.  W.  ^  sec.  26 
the  ^enite  again  oooors.  It  ia  here  represented  by  No.  377,  which 
has  most  of  its  hornblende  altered  to  oMorite.  At  this  place  a 
small  piece  of  finely  laminated  gneiss  (No.  378)  was  found  en- 
oloaed  in  the  syenite.  The  western  shore  in  the  £.  ^  of  sec.  27  is 
e(»npoBed  of  the  syenite  similar  to  No.  377. 

Jnst  north  of  the  river  on  the  line  between  sec.  21  and  22  is  a 
low  outcrop  of  aphanitio  greenstone  (Na  379).  It  is  much  cracked 
and  fissured  and  shows  an  indistinct,  coarse  schistose  strnoture, 
which  is  vertical  and  runs  east  and  west.  Farther  north  from  the 
lake  on  the  same  section  line  is  an  outcrop  of  very  massive  green- 
stone (No.  380),  which  is  of  coarser  grain  and  grayer  color  than 
that  last  mentioned.  This  is  seen  in  contact  with  a  quartz  por- 
phyry (No.  381)  which  holds  a  few  quartz  crystals,  many  white 
feldspars  and  namerons  small  pyrite  Krains  in  a  grayish  gronnd- 
masB.    The  oootaot  line  between  the  two  rocks  is  sharps  stands 
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Tdrtioal  and  foiib  noitli  and  wath.  Only  a  small  area  of  the 
qaartz  porphyry  was  exposed;  it  probably  forms  a  dyke  io  the 
greenBtone.  Oontinauig  iKffthward  on  this  section  line  for  aboat 
three- quarters  of  a  mite  from  the  rirer,  several  ridges  of  massiTe 
greenstone  are  orossed.  Ko.  383  shove  the  most  masBiTe  and 
coarse  grained  condition  of  this  greenstone. 

On  the  north  shore  of  the  riTer,  just  west  of  the  line  between 
sees  27  and  28  are  several  oatorope  of  a  fissured  greenstone  simi- 
lar to  Ko.  379.  Farther  west  on  the  same  shore  and  jnst  east  of 
the  portage  is  a  lai^e  ontorop  of  a  finely  laminated  graywaoke- 
like  rock  (No.  383);  it  is  in  some  places  mnoh  coarser  grained,  as 
shown  by  Na  384.  The  strike  is  N.  76°  E.,  and  the  dip  from  76° 
to  80°  S.  On  the  north  side  of  the  river  and  between  the 
portage  and  the  head  of  the  rapids  (N.  £.  ^  of  N.  E.  i  sea  28)  a 
rook  similar  to  the  last,  except  that  it  is  more  massive  in  appear- 
ance, is  found.  Here  on  some  of  the  weathered  snrfaoes  an  indis- 
tinct vertiool  lamination  is  seen ;  this  varies  somewhat  in  direc- 
tion bnt  the  general  trend  appears  to  be  abont  25°  E.  of  N.  Nos. 
386  and  386  represent  the  rock  at  this  place.  This  laminated  rook 
belongs  to  s  fragmental  series  which  is  here  in  contact  with  syen- 
ite. This  series  is  made  ap  of  rocks  which  are  very  often  gray- 
wackes  and  often  miea-sohists,  with  all  intermediate  stages;  and 
there  are  also  some  faoies  that  are  more  like  coarse  grits,  silioions 
Bfihists  and  even  serioitio  sohists.  These  different  facies  constantly 
intergrade.  For  convenience  the  term  " gras^wacke-like  rock"  will 
be  need  for  the  finer  grained  and  less  crystalline  rooks  of  thia 
series.  Mioa-sohiat  and  gneiss  will  bs  ased  to  refer  to  parts  of  the 
same  eeries  which  are  more  highly  altered. 

A  short  distance  from  the  east  end  of  the  above  mentioned  port- 
age rock  similar  to  Nos.  383  and  384  is  found ;  here  the  lamina- 
tion is  distinct ;  the  strike  is  72°  E.  of  N.  and  the  dip  S.  85°.  A. 
little  fnrther  west  the  syenite  (No.  387)  occurs.  It  has  a  vertical 
gueiesio  stmctare  which  is  very  evident  on  weathered  snrfaoes  ; 
this  strikes  on  the  average  about  70°  E.  of  N.,  bnt  varies  as  much 
as  16°  either  side  of  this  direction.  This  syenite  oooors  directly 
in  the  strike  of  the  last  mentioned  outcrop  of  laminated  gray- 
wacke-like  rock. 

About  half  way  across  the  portage  is  a  soft  fissile  greenstone  or 
greenstone  schist  (No.  388).  In  this  is  a  series  of  parallel  vein- 
ings  which  coincide  with  the  direction  of  the  cleavage  planes  in  the 
rock;  both  stand  vertical  and  strike  N.  80°  E.  A  few  feet  sonth 
of  this  the  ordinary  syenite  is  seen.  There  is  almost  a  oontinuons 
expoBore  between  the  two  rooks,  and  samples  illostrating  the 
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change  from  one  to  the  other  vere  taken.  No.  389,  from  eight 
inofaes  soath  of  388;  390  ^aa  eight  inches  fnrther  Boath;  then 
witbin  a  foot  oame  391  and  392;  two  feet  farther  traa  393,  and 
three  feet  from  this  394,  wtiieh  gradea  into  the  ordinary  ayenite 
represented  by  No.  387.  The  change  from  the  greenstone  schist 
to  the  syenite  is  first  noticed  by  a  small  amoont  of  red  feldspar  in 
the  greenstone;  the  feldspar  gradually  iDoreases  in  amoout  and 
the  green  material  decreases  antil  the  ordinary  syenite  is  reached. 
The  schistose  straotore  in  the  greenstone  and  the  gneissio  strao- 
tnre  in  the  syenite  are  parallel  and  grade  into  each  other  as  the 
two  rooks  intermingle.  One  handred  feet  north  of  this  plaoe  is  a 
low  soatberly  facing  bluff  of  greenstone,  moch  cracked  and  fissured. 
On  the  weathered  sorfsces  it  shows  a  series  of  reddish,  vertical 
Teioings  whose  average  strike  is  N.  70°  E ,  and  almost  at  right 
angles  to  this  are  two  nearly  parallel  systems  of  joints  which  cot 
the  rock  into  small  elongated  diamond-shaped  areas.*  Specimen 
No.  395  shows  this  jointing  fairly  well. 

Further  west  on  the  portage  trail  more  of  the  greenstone  is  seen. 
Then  the  ^enite  appears  again,  and  beyond  this,  not  more  than 
200  yards  east  of  the  west  end  of  the  portage,  the  graywaoke-like 
rook  again  appears.  It  has  the  distinct  lamination  seen  before  and 
strikes  N.  60°  E.;  the  dip  varies  from  80°  towards  the  north  of 
tiiis  line  to  70°  on  the  other  side.  The  syenite  ooonre  on  the  port- 
age directly  in  the  strike  of  this  rock  and  not  more  than  150  yards 
east  of  it  The  laminated  rook  is  seen  in  contact  with  the  ayenite, 
which  here  lies  north  of  it,  abont  60  yards  north  of  the  stream.  It 
is  here  shown  by  No.  396A,  which  has  considerable  serioitic  ma- 
terial developed  io  it.  Eight  inches  north  of  this  occurs  the  actual 
(xmtact  between  the  two  rocks;  the  hand  specimens  No.  396  show 
thia.  The  line  between  tbe.two  is  distinct,  bat  the  syenite  holds 
ooDsiderable  of  the  material  of  the  other  rock.  Six  inches  north 
of  this  the  syenite  is  shown  by  No.  397;  seven  inches  beyond  by 
No.  398;  eighteen  inches  from  this  by  No.  399,  and  fonr  feet  further 
north  it  has  its  nsnal  character  and  appearance,  as  shown  by  No. 
400.  At  this  plaoe  the  contact  was  along  the  strike  of  the  lami- 
nated rook  and  there  is  nothing  to  show  their  relative  ages.  The 
syenite  nOw  extends  northward  for  thirty  feet,  where  it  disappears 
Qiider  the  soil  as  it  dom  jnst  to  the  west  of  this  place.  Bonldera 
of  maesiTe  greenstone  oecnr  jnst  north  of  the  syenite,  bnt  the  green- 
stone is  not  seen  certainly  in  place  until  a  low  ridge  of  it  (No.  401) 
is  reached  fifty  feet  north  of  the  syenite. 
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The  high  ridge,  raiiQiiig  east  and  west  through  the  M.  i^  of  N.  W. 
^  Beo.  28,  ia  oomposed  of  moaBive  greenatoDe.  In  places  it  is  out 
by  irr^alsT  branching  dykea  of  gray  qdsrtz  porphyry.  These 
dykes  vary  from  an  inoh  ap  to  more  than  a  dozen  feet  aorosa  The 
priooipal  and  largest  one  runs  about  east  and  vest  aloDg  the  sonth- 
BTD  edge  of  the  top  of  the  ridge  and  varies  considerably  in  width. 
The  oontaot  between  the  porphyry  and  the  greenstone  is  sharp  and 
there  ia  no  intermingling  of  the  two  rooks.  At  the  oontaot  the 
greenstone  does  not  appear  to  be  maoh  changed  except  that  it  is 
more  broken  and  fissared.  Pieces  of  the  greenstone  are  inoladed 
in  the  dyke.  Nos.  402  and  403  represent  this  porphyry;  the  former 
was  taken  within  three  inches  of  the  edge  of  the  dyke,  and  the  lat- 
ter ahont  foor  feet  from  the  edge.  This  rook  has  a-grayish  ground- 
mass  in  which  are  imbedded  a  few  qaartz  grains  and  namerons 
fleah-oolored  and  blood-red  feldspars  The  qnartz  ia  more  plenti- 
fnl  near  the  edge  of  the  dyke  (Xo.  402).  In  plaoea  the  rook  con- 
tains minute  oavities,  apparently  formed  by  the  weathering  oat  of 
certain  oonatitnentB  of  the  rock.  Under  the  microscope  the  rock 
is  seen  to  have  a  mior<^anitia  groundmaaa  of  rather  variable  grain. 
In  this  are  feldspars  of  all  aizes  np  to  pieces  over  a  quarter  of  an 
inoh  in  length.  The  crystal  ontUnea  of  the  feldspars  are  not  nsa- 
ally  distinct  and  most  of  them  show  no  planes  at  all,  being  pieces 
with  irregnlar  outlines.  Many  of  the  feldspars  show  polysynthetic 
twinning  lamellee,  and  a  large  number  do  not  Alteration  to  seri- 
oite  is  quite  common,  and  in  some  cracks  and  areas  of  considerable 
size  in  the  gronndmasB  sericite  has  been  developed  in  large  amount. 
Secondary  calcite  is  also  present.  No  distinction  between  the 
tleeh'oolored  and  the  blood-red  feldspars  can  be  made  in  ordinary 
section, — they  both  appear  colorless;  and  as  yet  no  oriented  sections 
of  the  two  kinds  have  been  studied;  they  appear  very  distinct  in 
the  hand  specimen.  Scattered  throagh  the  rook  are  oolorless  to 
KTseniah  secondary  needles  of  chlorite  or  hornblende.  A  few 
areas  of  green  bomblende,  more  or  less  altered,  also  oooor,  bat  it 
is  not  possible  to  say  whether  or  not  this  hornblende  was  the  form 
of  the  original  ferro-magnesian  constituent  of  the  rook.  Sphene 
and  apatite  are  present  in  small  amount  Larse  qaartz  grains  are 
not  present  in  the  sections  examined,  although  maorosoopio  grains 
are  often  seen  in  the  hand  specimens  collected. 

On  going  south  from  the  stream  into  the  8  E.  ^  of  N.  W.  ^  sec. 
28,  the  graywacke-like  rock  is  seen  showing  the  characteristic  lam- 
ination. Soon  this  rook  b^ns  to  grow  more  orystalline,  and  this 
character  becomes  more  and  more  pronounced  as  one  proceeds 
Bonthward.    Xo.  404  shows  this  more  tnrystalline  faoies,  but  in  this 
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the  lamination  is  still  distiaotly  presMred.  Inteibedded  with  this 
are  beds  of  a  Ibbb  orystalliae  oharaoter,  as  shown  by  Ko.  405,  which 
is  very  similar  to  the  mica-sohist  foand  to  the  west  in  soo.  30,  al- 
ready described.  Other  fooies  of  this  rook  are  shown  by  Xos.  406, 
407  and  408,  which  are  all  completely  crystalline.  The  first  of 
these  is  a  distinct  gneiss,  and  the  latter  show  no  gneissic  atrootnre, 
even  on  the  most  favorable  weathered  surfaces.  MaoroBcopioally 
these  three  specinens  are  seen  to  be  composed  of  quartz,  a  light 
colored  feldspar,  biotite  and  some  little  homblenda  These  rboks, 
while  completely  crystalline,  ean  in  no  wise  be  separated  from  the 
less  crystalline  faoies  and  the  graywaoke-like  rooks  already  men- 
liooed  several  times.  They  are  interbedded  in  bands  from  one- 
half  inch  to  two  feet  in  thiokness, — the  more  crystalliBe  always  in 
the  thicker  beds.  They  seem  to  grade  into  eaeh  other  across  the 
the  strike,  and  in  some  places  the  lees  crystalline  is  replaced  along 
the  strike  by  the  more  orystsiline, — the  former  fading  ont  into  the 
latter.  The  most  crystalline  faoies  contain  many  black  lens-shaped 
pieces  of  black  diorite  (No.  409);  these  pieces  are  composed  most- 
ly of  hornblende  with  some  little  white  feldspar.  The  exposures 
above  described  extend  sonth  from  the  stream  for  a  quarter  of  a  mile, 
and  beyond  this  is  low  swampy  ground  with  no  exposnres.  The 
strike  at  the  most  sontherly  place  seen  was  N.  70°  E.,  and  the  dip 
vertical  or  very  steep  toward  the  soath. 

A  narrow  belt  of  syenite  ( No.  410 )  extends  along  the  north  ehore 
of  the  river  in  the  N.  ^  of  N.  E.  ^  sec.  29.  Jost  north  of  the  sye- 
nite is  a  range  of  greenstone  hills  ronning  east  and  west  In  some' 
plaoes  the  two  rocks  were  seen  within  fifty  feet  of  each  other,  bat  at 
Doplaoewasthe  junction  between  them  seen.  The  syenite  rises  in  a 
bold  bluff  at  the  portage  in  theW.  iofN.W.  ^of  X.E.iBec  29.  Aboat 
one-qoarter  of  a  mile  east  of  this  portage  the  greenstone  ia  oat  by 
an  irregalar  dyke  of  gray  qaartz  porphyry  (Na  411).  This  dyke 
irbere  examined  is  three  to  ten  feet  wide  and  has  a  general  east  and 
vrest  direction.  It  was  also  seen,  bat  not  visited,  in  ttie  greenstone 
both  east  and  west  of  this  locality.  This  dyke  is  probably  a  west- 
ward oontinaation  of  that  already  described  from  the  N.  ^  of  N.  W. 
i  of  sec.  28. 

Coming  soath  from  the  river  abont  on  the  line  between  sees.  28 
and  29,  the  laminated  rook  and  gneiss  similar  to  that  described 
above  (Nob.  404  to  408)  are  seen  in  many  expoaares.  About  one- 
third  of  a  mile  from  the  river  the  syenite  suddenly  appears.  It 
was  first  seen  as  a  belt,  100  feet  in  width,  running  parallel  with 
the  gneiss  which  appears  on  both  sides  of  it.  The  gneiss  preserves 
its  UBUal  character  and  distinct  alternation  of  different  bands  dear 
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to  the  syenita  Na  120  Bhows  this  rook  within  a  few  feet  of  the 
syenite.  Nos.  121  and  422  come  from  within  three  and  one  inohes 
reBpeotively  of  the  syenite;  the  latter  is  some  more  coarsely  crys- 
tallized and  oontaina  many  distinot  horablesde  grains  and  some 
rod  feldspar.  No.  423  shows  the  two  rocks  t<^ther;  the  line  be- 
tween them  is  quite  sharp  and  distinct  No.  424  is  the  syenite 
jnst  beyond  No.  423;  it  is  quite  gneissic  in  straotare.  The  strike 
of  the  gneiss  is  N.  60°  B.,  and  the  gBeissio  straotare  of  the  syenite 
stands  parallel  to  this ;  the  dip  is  5°  either  side  of  the  vertical.  In 
some  places  the  line  between  the  two  rocks,  instead  of  ronning 
with  the  laminatioii,  rans  across  the  strike  for  a  few  inches.  In 
other  places  the  syenite  is  more  completely  granitio  in  stroctore, 
as  shown  by  No.  425.  A  short  distance  soath  of  this  the  gneiss  is 
mach  contorted  and  is  cat  by  stringers,  two  to  three  feet  across,  of 
the  syenite;  some  of  these  ran  with  the  lamination  of  the  gneiss 
and  others  oat  across  it.  There  is  no  gradation  from  the  gneiss  to 
the  syenite;  the  line  between  the  two  is  clear  and  sharp.  Farther 
soath  the  syenite  becomes  the  prevailing  rook,  and  in  many  places 
it  holds  lenticalar  masses  of  the  gneiss. 

On  the  soath  shore  of  the  river  jost  west  of  the  line  betweai 
seos.  28  and  29  the  laminated  rook  is  seen.  Still  farther  west,  aboot 
half  way  from  this  section  line  to  the  rapids,  which  are  abont  in 
the  N.  W.  J  of  N.  E.  \  see.  29,  the  syenite  again  appears,  bat  lees 
than  200  feet  soath  from  the  shore  it  comes  in  contact  with  the 
laminated  rock.  The  janction  here  is  along  the  strike  of  the  lam- 
inated  rook  and  the  syenite  was  not  seen  catting  across  the  strike. 
The  line  betweeoi  the  two  was  distinct  and  easily  seen  on  weath- 
ered surfaces.  From  the  rapids  jast  mentioned  west  to  the  east  line 
of  sec.  30  the  laminated  rock  oocare  on  the  soath  shore  and  a  high 
blaff  of  it  is  seen  jast  soath  of  the  river  on  this  section  Una  The 
little  bay  in  the  N.  E.  {  of  N.  E.  ^  sec.  30  has  syenite  on  its  sonth 
and  greenstone  on  its  north  shore. 

Mr.  Wood  went  eonth  from  the  river  aboat  on  the  line  between 
sees.  29  and  30.  He  foand  the  laminated  rock  in  place  all  the  way 
until  nearly  half  a  mile  from  the  river,  when  the  syenite  was  seen. 
No.  426  shows  the  laminated  rook,  which  here  approaches  a  mica- 
schist,  and  No.  427  is  moro  acoorately  a  mics-sobist.  This  latter 
faoiee  of  the  rook  was  that  most  commonly  seen,  but  that  seen 
nearest  the  syenite  was  more  like  No.  426. 

The  north  shore  of  the  river,  in  the  N.  \  of  N.  W.  ^  sec.  29,  ia 
made  of  greenBton<f,  bat  the  syenite  comes  in  at  the  water's  edge 
jost  west  of  the  port^e  in  the  eastern  edge  of  this  qoarter  seotion. 
I  went  north  from  the  river  on  the  west  line  of  this  section  for  on&- 
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third  mile,  but  fotmd  no  rook  except  maasiTs  greenstone,  of  which 
eareral  exposures  were  seen.  Abont  one-foartb  of  a  mile  eaat  of 
this  line  and  jnst  north  of  the  river  the  greenstone  is  oat  by  a  dyks 
of  reddish  fine  grained  rook  (No.  428)  resembling  a  eyenite  por- 
phyry. The  dyke  has  an  east  and  west  direotioQ  and  was  traced 
for  fifty  feet.  The  sides  of  it  were  ooTered  by  soil,  and  as  far  as 
aeen  it  was  not  more  than  ten  feet  wide. 

The  point  on  the  sonth  side  of  the  river,  in  the  W.  ^  of  N.  W.  i 
of  N.  W.  ^  sec.  27,  is  made  ap  of  the  laminated  rock*  and  is  well 
shown  by  the  specimens  already  described, — Nos.  383  to  386.  The 
strike  varies  from  N.  30°  E.  to  46  E.,  and  the  dip  from  75°  to  80° 
S.  "E.  Along  the  shore  just  west  of  this  point  the  laminte  are  maoh 
contorted.  The  point  on  the  north  side  of  the  little  bay  in  the 
same  ^  section  is  also  made  of  the  same  rook.  The  small  island 
in  tins  bay  is  composed  mostly  of  the  syenite,  bat  the  northern 
side  has  a  little  of  the  laminated  rook.  Near  the  syenite  this  rock 
changes,  tieooming  more  oryBtalline  and  acqoiring  some  reddish 
feldspar  (Nob.  429,  430  and  431);  bnt  this  condition  exists  only 
within  a  few  inches  of  the  syenite,  in  fact  the  syenite,  as  shown  by 
No.  432,  is  seen  within  six  inches  of  the  above  specimens.  The 
jonotion  between  the  two  is  easily  seen  as  a  pretty  distinct  line  on 
weathered  sorfaoes.  .  Small  pieoee  of  the  laminated  rock  were 
found  in  the  syenite;  No.  433  is  from  one  of  these.  On  the  shore 
just  eaat  of  this  the  syenite  is  intimately  mixed  with  the  laminated 
rook;  still  the  line  between  the  two  is  distinot  and  the  syenite 
seems  to  have  enclosed  pieoee  of  the  other  rock.  In  oae  place  the 
syenite  holds  a  small  area  of  a  dark  oompaot  mioa-sohist  (No.  434), 
which  is  really  part  of  the  laminated  rock,  and  shows  lamination 
in  favorable  places.  No.  436  shows  this  rock  and  the  syenite  to> 
gether;  they  are  marked  off  from  each  other  by  a  sharp  line. 

The  laminated  rook  is  again  seen  on  both  points  of  the  promon> 
tory  in  the  N.  £.  ^  of  N.  W.  ^  sea.  27,  but  the  syenite  appears  on 
the  w»tem  shore  of  the  little  bay  in  this  iV  seotioo  and  also  on  the 
soath  and  eaat  sides  of  it  At  the  sontheastem  oomer  of  this  bay 
the  rook  has  a  decidedly  schistose  strnotare  and  there  are  altemat> 
ing  bands  of  st^istose  syenite  (No.  436)  and  rock  similar  to  Nos. 
429  and  431  which  appears  to  be  an  altered  condition  of  the  lam- 
inated lock;  this  is  shown  by  Noe.  437  and  438.  These  bands  of 
syanite  and  Nos.  437  and  438  vary  from  one  inch  to  one  foot  in 
width,  and  they  are  parallel  to  the  Bohistoeity  of  both  rocks.    This 
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is  K.  40°  E.  and  the  dip  nearly  rertioal.  Koe.  437  and  488,  wMle 
still  retaining  conEdderable  of  the  aerioitic  material,  have  lat^e 
qaantities  of  reddish  feldspar  and  some  hontblende  developed  in 
them.  Between  these  bands  and  almost  alvays  ranning  parallel 
with  them  are  vein-like  forms  of  a  fine  grained  pinkish  granitic 
rock  (No.  439)  holding  flesh  colored  feldspar  phenocrysts.  These 
veins  vary  from  one  to  ten  inches  across  and  rapidly  change  their 
thickness  in  a  short  distance.    They  are  also  frequently  faulted. 

On  the  north  shore  of  the  niver  in  the  N.  W.  \  of  N.  W.  ^  sac. 
27  the  laminated  rock  is  fonnd,  and  jast  north  of  this  is  a  belt  of 
syenite  160  feet  wide,  separating  this  rock  from  the  greenstone. 
The  junction  of  the  syenite  and  laminated  rock  was  seen  in  one 
place ;  the  phenomena  at  the  oontaot  are  the  same  as  those  already 
described  under  Mo&  396A  to  400.  The  line  between  the  two 
rocks  rnns  parallel  with  the  strike  of  the  laminated  rock  and  is 
quite  easily  distingaished.  The  syenite  is  also  seen  in  contact 
with  the  greenstone  ;  the  change  from  one  rook  to  the  other  oocn- 
pies  one  or  two  feet  and  is  essentially  the  same  as  that  described 
above  onder  Kos.  368  to  394.  In  some  places  in  this  vicinity  the 
syenite,  especially  when  in  close  proximity  to  the  greenstone,  be- 
comes very  schistose,  as  is  shown  by  No.  440,  which  is  dark  ool- 
ored  and  shows  a  decidedly  gneisaio  stmoture;  but  generally  in 
this  ^  section  the  syenite  is  dark,  massive  and  ohloritic  (So.  441). 
The  syenite  extends  aJong  the  north  shore  from  this  place  to  the 
small  bay  in  the  S.  E.  ^  of  S.  E.  }  sea  22.  It  forms  only  a  narrow 
belt  between  the  river  and  the  greenstone  ridge  just  north  of  it. 
Along  this  shore  the  syenite  varies  from  a  massive  state,  similar 
to  No.  432,  to  a  more  ohloritic  'No.  441)  and  schistose  condition 
(Na  440). 

The  island  in  the  middle  of  the  river  just  north  of  the  west  end 
of  the  promontory,  in  the  N.  E.  J  of  N.  W.  ^  sec.  27,  is  composed 
entirely  of  the  graywaoke-like  rook.  The  lamination  is  very  pro- 
nounced and  the  strike  is  quite  constant,  being  abont  N.  63°  E.; 
the  dip  is  nearly  vertioaL  This  strike  would  carry  the  rock  into 
the  north  shore  of  the  river  less  than  a  quarter  of  a  mile  east  of  the 
island,  bat  there  the  syenite  is  seen  and  there  is  no  sign  of  the 
graywacke-like  rock. 

On  the  little  bay,  in  the  8.  E.  {  ot  S.  E.  i  sec.  22,  the  graywacke- 
like  rock  is  again  seen  jast  north  of  the  south  line  of  this  section- 
The  lamination  is  very  distinct,  and,  while  varying  some,  has  a 
general  northeasterly  strike.  A  short  distance  south  of  this  the 
syenite  appears  and  extends  along  the  north  aide  and  to  the  end  of 
the  point  which  makes  the  southern  aide  of  this  bay.    The  gray- 
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WBcke-Iike  rock  makes  ap  the  Bontbern  half  of  tliia  poiot;  it  is 
mnefa  twisted  and  crumpled.  Its  jonotioD  with  the  syenite  vbb 
seen  in  one  place;  the  line  between  this  (Na  442)  and  the  syenite 
(maaeiTe  and  similar  to  No.  432)  was  diBtioct.  Joet  at  the  contact 
the  graywacke-like  rock  showed  distinct  lamination  in  bnt  a  few 
amall  areas  and  here  it  faded  ont  in  a  short  distance.  Away  from 
the  oontaot  the  lamination  was  very  evident,  thoogh  mnoh  twisted, 
and  the  rook  was  more  like  Nob.  383  and  364.  The  massive  sye- 
nite is  seen  again  on  this  point  jnat  east  and  west  of  the  line  be. 
tween  sees.  26  and  27. 

In  the  N.W.  i  of  N.  W.  i  of  N.W.  i  sec.  26,  the  syenite  is  found  on 
the  shore.  Just  north  of  it  the  graywacke-like  rook  is  seen ;  this  be- 
oomea  somewhat  more  crystalline,  as  shown  by  Noa.  443  and  444, 
and  it  seems  to  pass  gradually  into  No.  445,  which  is  a  distinot  gray 
gneiss.  Hcwever,  this  gneiss  was  seen  to  hold  sharply  defined 
lentioolar  pieces  of  lock  similar  to  some  faoies  of  the  greenstone. 
No.  446  shows  the  gneiss  and  part  of  one  of  the  lenticular  pieces 
in  it.  The  junction  of  the  gneiss  and  syenite  was  not  seen.  The 
syeiiitn  here  presents  a  decidedly  gneisaio  stmotare,  bat  this  gradea 
into  the  more  massive  faoies  withiir  two  or  three  feet.  The  phen> 
oraena  here  seem  tu  be  abont  the  same  aa  those  described  onder 
Nob.  404. to  409;  the  gneiss  (No.  445)  is  apparently  a  changed  con- 
dition of  the  graywaoke>like  rock,  although  in  some  places  the  two 
are  separated  by  a  aharp  line.  Fifteen  feet  north  of  this  the  gray- 
vacke-like  rock  again  appears;  it  is  nearly  vertical,  and,  while  bent 
in  B<ane  places,  there  is  a  decided  general  strike  of  N.  60°  E.  At 
times  the  rock  is  similar  to  Nos.  383  and  384,  and  again  like  No. 
443.  This  graywacke-like  rook  continues  northward  for  abdnt  200 
feet  and  then  the  syenite  oocors.  The  two  are  separated  by  low 
ground  with  no  exposnres. 

The  syenite  oontinues  northeastwardly  along  the  northwest  ahore 
of  this  bay  (N.  ^  of  N.  W.  ^  sec.  26)  for  some  distance,  and  in  it  is 
a  band  of  the  graywacke-Hke  rock  ten  feet  wide.  This  is  sharply 
marked  o3  from  the  syenite  on  eaoh  side,  and  is  distinctly  laminated, 
atriking  northeaBL  In  some  places  this  band  is  similar  to  No. 
443,  bat  the  most  of  it  is  mica-sohist,  as  shown  by  No.  447.  On 
the  north  side  of  this  bay  bills  of  greenstone  are  seen  in  the  N.  W. 
J  of  N.  W.  ^  sec  26,  The  greenstone  and  syenite  were  seen  within 
Miy  feet  of  each  other,  but  the  junction  was  not  foond.  The  sye- 
nite becomes  schistose  and  obloritio  near  the  greenstone,  aa  has 
been  described  farther  to  the  west.  Within  300  feet  of  the  green- 
stone the  syenite  holds  irregular  sharply  outlined  pieces  of  the 
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geenstooe,  which  sre  from  one  to  ten  feet  in  diameter.  On  the 
weathered  anrfacea  these  pieces  very  closely  resemble  the  green- 
etoae  in  the  hills  jost  to  the  north,  bat  on  freshly  broken  surfaces 
the  rock  ie  seen  to  be  slightly  darker  than  the  greenstone  in  the 
hillt).  Na  448  is  from  one  of  these  pieces  in  the  syenite.  The 
greenstone  in  the  hills  near  the  syenite  has  a  schistose  stmctnre, 
as  Bhown  by  No.  449.  This  is  twiated  and  somewhat  irregular,  but 
the  general  strike  is  N.  66°  K,  and  the  dip  aboot  vertic^  The 
rock  is  lighter  in  color  than  the  ordinary  greenstone  and  contains 
some  feldspar  which  weathers  reddish.  A  short  distance  to  the 
east  the  greenstone  absames  the  characteristic  green  color  seen 
farther  to  the  west,  bat  the  schistose  straoture  does  not  altogether 
disappear.  On  the  eastern  side  of  the  small  point  on  the  north 
shore  of  this  bay  the  syenite  occurs  in  a  low  outcrop.  It  is  here  in 
oonteot  with  the  graywacke-like  rock,  but  seems  to  enclose  masses 
of  this  rock.  The  syenite  here  is  mostly  massive,  bat  in  a  few 
places  shows  a  gnflissio  structure  which  runs  northeastwardly. 
There  are  pieces  (afoot  or  so  in  length)  of  the  graywacke-like  rook 
enclosed  in  the  syenite;  most  of  these  are  faoiee  oE  the  rook  ap- 
proaching mioa-aehist.  These  pieces  are  mostly  irregularly  lentic- 
ular in  shape  and  the  lamination  is  parallel  with  their  long  axes, 
which  oBually  lie  in  a  northeasterly  direction.  Syenite  oocars  on 
the  east  shore  of  this  bay. 

The  shores  of  the  little  bay  which  lies  partly  in  the  extreme 
soathem  part  of  see.  23  are  lined  with  syenite  of  the  ordinary 
massire  kind.  About  100  yards  north  of  the  northwest  oorner  of 
the  bay  is  a  hill  of  syenite  which  presents  the  sohistoee  and  ohlor- 
itio  ohbraoter  seen  several  times  in  close  proximiiy  to  the  green- 
stone. At  the  extreme  eastern  end  of  the  bay  the  Byenite  is  seen 
in  contact  with  a  dark  diorite  (No.  460),  which  is  spotted  by  lai^e 
blotches  of  hornblende.  The  contact  line  ie  sharp,  as  shown  by 
No.  461,  and  neither  of  the  rocks  appears  changed  at  the  oontaot 
The  syenite  is  cut,  on  the  eastern  shores  of  the  bay,  by  a  coarse 
grained  pegmatite  (No.  452).  This  consists  of  large  fleab-oolored 
feldspars  and  small  quartz  grains,  and  often  shows  a  tme  peg- 
matitip  stmctnre. 

From  this  bay  to  the  rapids,  in  the  E.  ^  of  S.  E.  ^  sec.  24,  the 
north  shore  of  the  river  has  numerous  outcrops  of  the  ordinary 
massive  syenito.  No  mica-schist  or  graywacke-like  rock  was  seen 
along  this  shore,  although  special  search  was  made  tor  them. 

On  the  soath  shore  of  the  river,  in  the  N.  W.  ^  of  sec.  25,  there 
is  a  westerly  facing  gabbro  clifC.  On  the  face  o£  the  olifl  was  a 
small  area,  a  foot  square,  of  a  reddish  syenite  bearing  much  biotite; 
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the  specimen  oolleoted  (Ko.  4f>0)  shows  this  took  and  the  gsbbto. 
No  other  rock,  except  the  gabbro,  was  fonnd  on  the  clifF.  Jost  at 
the  foot  of  the  clifE  was  a  large  blook  of  gray  syenite  (No.  46  L)  and 
sererat  small  red  syenite  fr^ments  (No.  462);  these  looked  as  if 
they  had  been  broken  off  from  the  face  of  the  olifF.  This  is  pos- 
Bibly  f^e  line  of  jaction  between  the  syenite  and  the  gabbro,  bat 
Qothint;  more  than  above  stated  oonld  be  seen.  The  gabbro  was 
the  ordinary  coarse  grained  f  aoies. 

The  syenite  of  sea  26  varies  a  little  from  that  described  from 
sec.  27.  It  is  represented  b;  No.  463,  which  is  somewhat  finer 
grained  than  the  ordinary  facies  and  is  lighter  in  color,  bsing  more 
of  a  gray  than  a  sed  syenite,  bat  on  weathering  it  takes  on  a  red- 
dish color. 

The  river  in  the  S.  W.  i  of  sec.  19,  T.  68-9,  has  two  rapid  chan- 
nels aronnd  a  Bmall  island,  not  shown  on  the  township  plat.  The 
portage  is  along  the  eoath  shore  of  the  sonthern  channel.  At  the 
east  end  of  this  portage  gray  syenite,  similar  to  No.  463,  oocors, 
Jost  beyond  the  portage  and  on  the  south  shore  of  the  island  is  a 
dark  rock  (No.  464)  which  seems  to  be  intermediate  between  the 
gabbro  and  the  syenite.  It  is  a  very  compact  rook  of  mediam  grain 
and  nniform  dark  color,  and  on  a  freshly  fractored  snrfacb  shows 
in  places  yellowbh  color  dae  to  mioate  oraoks;  on  weathered  snr- 
faces  it  has  the  appearance  of  the  gabbro.  This  rook  grades  into 
the  syenite  (No.  467)  through  Nos.  465  and  466.  The  syenite  was 
fonnd  at  only  one  place,  and  that  at  the  foot  of  a  low  cliff;  the 
change  from  No.  464  to  the  syenite  oooapies  two  or  three  feet. 
This  seems  to  be  the  jnnotioD  of  the  gabbro  and  the  syeaite,  bnt 
no  true  gabbro  was  foand  on  the  island,  and  it  is  not  certain  that 
No.  464  does  represent  the  contact  facies  of  the  gabbro.  Near  the 
eastern  end  of  the  island  gray  syenite,  shown  by  No.  469,  is  again 
seen.  The  ordinary  coarse  grained  gabbro  (No.  468)  ocoavs  on  the 
sooth  shore  of  the  river  jaet  opposite  this  island,  and  on  this  shore 
no  syenite  was  found.  From  this  island  the  syenite  oontinnes 
along  the  west  side  of  the  river  to  the  western  end  of  the  little  bay 
in  the  8.  E.  J  of  N.  W.  i  see.  19,  T.  63-9.  The  only  exception  to 
this  is  that  on  the  eoath  side  of  the  point  aboat  the  center  of  sec. 
19,  T..  63-9,  the  gabbro,  similar  to  No.  468,  is  seen  in  a  low  outcrop. 
Thirty  feet  north  of  this  gabbro  is  a  gray  rook  (No.  470)  which 
seems  to  be  intermediate  between  the  gabbro  and  the  syenite.  And 
100  feet  north  of  this  the  syenite  ia  again  seen.  There  is  no  oon- 
tinuoos  exposure  between  this  syenite  and  the  gabbro  mentioned 
above.  In  places  on  a  little  island,  which  lies  just  off  the  end  of 
this  point,  the  syenite  has  a  gaeiseio  stractare  which  stands  about 
vertical  and  strikes  N.  40°  E.  ^  -  i 
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On  the  north  side  of  the  bay,  in  the  S.  E.  \  of  N.  W.  i  b60.  19, 
T.  63-9,  &te  msQyoDtoTopg  of  a  very  fine  grained,  aphanitio  grayish 
rock.  It  IB  shomi  by  No8. 471  and  472.  This  ib  apparently  &  faoies 
of  the  Kreenstone.*  It  oontinaes  for  an  eighth  of  a  mile,  and  prob- 
ably maoh  farther,  north  from  the  river.  Thie  rock  oontinaea 
along  the  north  shore  of  the  river  for  abont  a  mile  from  this  bay. 
On  the  line  between  sees.  19  and  20,  a  few  rods  back  from  the  wa- 
ter (north  shore  of  river),  is  an  exposore  of  a  fine  grained  massive 
diorite  (No.  473).  This  was  not,  as  far  as  seen,  Bhuply  separated 
from  the  rock  ehown  by  Nos.  471  and  472.  Qreenstona,  or  a  rook 
intermediate  between  the  greenstone  and  this  diorite,  was  traced 
north  on  this  section  line  for  abont  a  third  of  a  mile. 

Small  laJce8  in  T.  63-10,  Tiotik  of  the  Kawishiwi  river.  . 
Starting  from  the  river,  on  the  line  between  eeos.  28  and  29,  is  a 
portage  which  mns  north  to  a  narrow  lake,  which  lies  in  Beos.  15, 
16,  20  and  21.  The  portage  crosses  several  greenstone  ridges. 
These  present  an  extremely  massive  appearance;  this  is  eapeoially 
noticeable  towards  the  north  end  of  the  porta  ge.  No.  412  fairly  rep- 
resents this  greenstone;  it  is  a  dark  green  aphanitio  rock;  it  was 
taken  from  an  outcrop  on  the  portage  about  an  eighth  of  a  mile 
north  of  the  section  comer.  Greenstone  of  the  same  massive  kind, 
with  no  evidence  of  schistosity  or  lamination,  extends  along  the 
shores  of  this  lake  in  section  20.  At  the  west  end  of  the  lake  a  djke 
of  gray  granite  porphyry  (No.  413)  cats  the  greenstone.  The  gen- 
eral direction  of  the  dyke  is  east  and  west,  bat  not  enoagh  of  it  was 
exposed  to  show  the  exact  width,  though  this  is  probably  not  more 
tixBH  fifteen  feet  In  the  rock  are  many  qnartz  and  feldspar  pheno- 
orysta,  some  of  the  latter  being  a  half  an  inch  in  length.  Macro- 
soopioally  this  rook  closely  resembleB  No.  417,  which  will  be  de- 
scribed more  in  detail.  A  small  island,  in  the  W.  ^  of  S.  W.  ^  of 
N.  W.  {  sec  21,  also  showa  more  of  this  granite  porphyry.  Green- 
stone extends  aloDg  the  north  shore  in  sec  21,  bat  on  the  point,  in 
the  N.  y/.  1  of  N.  E.  ^  of  the  same  section,  there  is  a  blnff  of  a 
finegrained  red-weathering  Biliceous  rock  (No.  414),  which  is  proba- 
bly a  facies  of  quartz  porphyry.  Jnst  north  of  this  blnff  the  green- 
stone occurs,  bat  the  junction  of  the  two  rocks  was  not  Been. 
Greenstone  appears  to  make  the  rest  of  the  lake  ehore,  bat  on  the 
east  side  of  the  little  bay  (south  shora  of  the  lake),  in  the  W.  i  of 
N.  E.  1  sec  21,  a  dyke  of  quartz  porphyry  is  seen  cutting  the  green- 
stone.   This  dyke  is  fifty  feet  wide,  stands  vertical  and  strikes  a  lit- 
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fie  north  of  west;  this  strike  Tonld  carry  it  directly  into  the  rook 
!No.  414,  mentioned  sbore,  which  is  probably  a  oontinoation  of  this 
dyke.  The  oontaot  between  the  greeoBtone  and  qaartz  porphyry  is 
sharp  and  distinct,  and  the  former  does  not  seem  to  be  espeoislly 
altered  near  this  line.  The  centre  of  the  dyke  is  rnnah  coarser 
grained  than  the  edge.  No.  416  shows  the  greenstone  within  two 
inohes  of  the  dyke;  Xa  416  is  the  quartz  porphyry  two  inches  from 
the  edge  of  the  dyke,  and  No.  417  is  the  same  from  the  centre  of 
the  dyke.  The  qnartz  porphyry  (No.  417)  is  of  a  general  pinkish 
color;  it  oontainB  many  quartz  and  feldspar  phenocrysts,  the  latter 
being  white  and  flesh-colored.  A  few  small  specks  of  a  dark  min- 
eral are  also  present  The  rock  seems  to  the  unaided  eye  to  have 
no  aoindividuEvlized  groand-mass,  bnt  microscopically  the  rook 
shows  a  decided  miorogranitic  groand-mass  of  rathe.r  small  bat  ir- 
regular groin.  Imbedded  in  this  are  nnmeroos  feldspar  pheno- 
crysts of  all  sizes  np  to  those  nearly  half  an  inch  in  length.  Most 
of  these  feldspars  show  their  crystallograpbio  outlinea  on  all  sides, 
but  some  few  appear  as  frHgments  partially  bounded  by  crystal 
planee.  Zonal  stmotnre  is  qnite  common,  and  aboat  half  of  the 
individuals  show  polysynthetio  twinning  lamellee.  Qaartz  individ- 
uaIs  of  good  size  are  also  present,  bat  are  not  nearly  as  abundant 
as  the  feldspars.  The  quartzes  are  all  corroded  and  show  no  crystal 
faoes,  and  they  frequently  have  large  embayments  filled  in  with 
the  groand<mass.  Some  of  the  qnartz  shows  nndnlatory  extinction, 
font  otherwise  the  rook  gives  no  evidence  of  having  been  subject  to 
preeeore.  boattered  through  the  groand-mass  are  irregularly  out- 
lined green  areas  composed  of  chlorite  and  epidote.  What  the 
<HriginaI  ferromagneeian  oonstitaent  of  the  rook  was  is  now  impos- 
aible  to  determine.  A  few  small  acatu  rhombs  of  sphene  are  also 
present.  The  rook  is  properly  a  microgranite.  Bock  No.  416,  from 
the  edge  of  this  dyke,  presents  the  same  appearance  as  that  just 
described,  except  that  the  groand-mass  is  of  some  finer  grain  and 
the  feldspar  is  mostly  in  fragments. 

The  shores  of  this  lake  seem  to  be  mode  entirely  of  greenstone, 
cat  in  a  few  places  by  quartz  porphyry  dykes.  The  greenstone  is 
very  massive  and  in  no  place  where  examined  shows  any  evidence 
of  lamination  or  schistosity.  It  is  well  represented  by  No.  412, 
from  the  portage  south  of  the  lake,  and  by  No.  418,  from  the  north 
shore  on  the  line  between  sees.  16  and  21. 

From  this  lake  there  is  a  trail  ranuing  north  on  the  line  between 
seas.  15  and  16  to  a  small  lake  lying  in  the  N.  W.  }  of  sec.  16  and 
the  N.  E.  ^  of  sec.  16.  No  rook  is  in  situ  along  this  trail,  bat  at 
the  shore  of  the  latter  lake  the  greenstone  is  in  place.    The  shpies       ■ 
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of  the  lake,  as  far  as  conlii  be  seen  from  the  meander  oomer,  trare 
lined  with  rock  which  had  all  the  appearance  of  greesBtone.  On 
this  trail  and  a  few  yards  south  of  the  lake  is  a  low  hill,  the  north 
Bide  of  which  shows  many  angular  fragments  of  rock.  This  rock 
is  made  up  of  alternating  bands  of  compact  black  slate  and  bands 
of  Blmoet  pure  magnetite.  These  bands  yary  from  one-eighth  i^ 
an  inch  to  an  inch  in  thickness.  They  are  very  regnlar,  and  on  the 
whole  the  rook  is  very  similar  to  some  Kenatin  ore  desoribed  from 
Ottertraok  lake.*  The  fragments  of  this  rock  were  of  all  sizes  up 
to  those  three  feet  in  diameter,  and  while  no  pieces  were  exactly 
in  situ,  still  there  can  be  no  donbt  bat  that  the  rock  is  m  situ  just 
below  these  fragments.     No.  419  represents  this  rock. 

From  the  north  shore  of  the  Kawishiwi  river,  in  the  N.  K  ^  of 
8.  W.  4  BOO-  ^  a  portage  rane  northwesterly  to  the  soatheast  corner 
of  Triangle  lake.  This  lake  lies  in  sees.  13, 14, 23  and  24,  T.  63-10. 
Jnst  north  of  the  river  the  portage  crosses  a  low  ridge  of  gneissio 
syenite,  and  a  short  distance  beyond  is  a  ridge  of  the  graywacke- 
like  rook.  This  latter  is  shown  by  Nos.  453,  454  and  466.  Jnst 
east  of  the  portage  this  ridge  is  seen  to  better  advantage;  here  the 
strike  is  N.  60°  E.,  and  the  dip  vertical.  Fifty  feet  north  of  this 
ridge  massive  greenstone  {So.  466)  is  seen.  The  two  rocks  were 
traced  within  thirty  feet  of  each  other,  bat  the  junction  was  covered 
by  soil.  Beyond  this  more  greenstone  ridges  are  seen  on  the  porU 
age;  nsoally  the  rock  is  massive  in  appearance,  but  it  sometimes 
shows  an  indistinct  schistose  stractore  which  stands  vertical  and 
strikes  aboat  northeast  About  half  way  over  the  portage  is  a  ridge 
of  greenish,  finely  laminated  rock,  represented  by  No.  467.  The 
lamination  is  very  distinctly  seen  on  weathered  snrfaoes,  and  in 
places  the  rock  is  decidedly  slaty.  The  strike  is  N.  65°  E.,  and  the 
dip  vertical.  This  rook  seems  to  be  a  faoies  of  the  greenstone. 
Beyond  this  rook  greenstone  is  seen  in  several  places  on  the  trail 
before  reaching  Triangle  lake.  Several  outcrops  on  the  east  shore 
of  this  lake  were  examined,  bnt  the  rook  was  all  greenstone. 

From  the  northeast  comer  oE  Triangle  lake  a  portage  of  a  few 
yards  leads  to  Northwest  lake,  which  lies  in  sees.  11, 12,  13  and  14, 
T.  63-10,  and  sees.  7  and  18,  T.  63  -9.  On  the  south  side  of  a  small 
island,  in  the  N.  E.  ^  of  N.  W.  ^  f  c.  13  (Northwest  lake),  is  a  low 
oatcrop  of  altered  quartz  porph;  y  (No.  468).  This  rock  has  the 
ground-mass  almost  entirely  cha  <ed  to  a  serioitic  condition,  but  it 
still  contains  many  porphyritic  uartzes  and  large  pinkish  feld- 
spars.   Some  of  the  feldspars  tua  an  inch  long;  tbey<can  be  read- 
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ily  brokeo  ont  of  the  groTud-maBs.  aod  tbey  Bhov  complete  crystal 
oatlinea.  The  sericitio  groand-moss  givPB  a  rough  schietose  etrdo- 
tiire  to  the  rook;  the  strike  of  this  is  N.  60°  E.,  and  the  dip  abont 
Tertical.  The  sonth  shore  of  this  lake  was  examined  in  eeveral 
plaoee  and  the  greenstone  was  the  only  rook  seen;  this  extends  to 
the  extreme  eastern  end  of  the  lake  in  the  N.  E.  ^  of  see.  18,  T. 
63-9.  On  the  north  side  of  the  lake,  in  the  N.  E.  {  of  N.  E.  ^  sec. 
13,  T.  63-10,  the  greenstone  has  a  peonliarly  mottled  sppesranoe. 
This  is  shown  by  No.  459.  It  is  dne  to  nnmerons  black  blotches, 
apparently  of  hornblende. 

Oeoiogieal  map  of  pari  of  the  Kaunahiwi  river- 
The  distribotlDn  of  the  different  rook  masses  in  that  part  of  the 
Eawiehiwi  riTer,  described  in  the  foregoing  field  notes,  is  shown 
on  the  accompanying  map.  Five  distinct  rock  types  are  present, 
the  characters  and  relations  of  which  have  already  been  briefly 
given.  The  gabbro  is  the  most  recent;  it  covers  parts  of  the  older 
rocks  and  is  very  extensively  developed  just  to  the  sonth  of  the 
area  of  this  map.  The  syenite  is  older  than  the  gabbro,  and  is 
yonnger  than  the  greenstone  and  mica  schist,  both  of  which  it  cnts 
in  a  troly  irrnptive  manner.  The  mica-schists,  graywsakes,  etc., 
stand  vertical  and  have  a  general  E.  N.-E.  strike;  they  belong  to 
what  has  been  mapped  as  the  Vermilion  serieB,Jbtit  there  seems  to 
be  good  reason  for  patting  all  of  this  type  of  rocks,  in  the  area  of 
this  map,  into  the  Keewatin.     The  greenstone  is  presnmably  of 


Keewatin  age  and  is  probably  yoanger  than  the  mioa-Bchists,  gray- 
waokee,  etc.  Qaartz  porphyry  dykes  are  foand  cuttinfc  the  green- 
stone in  several  places,  bot  tbey  have  not  yet  been  seen  in  the  other 
rocks  in  this  immediate  vicinity. 

B.      BHOWBAUK    LAKE   ABEA. 

The  outlines  of  the  granite  on  this  lake  were  traced  mnoh  less 
minately  than  those  of  any  other  of  the  areas  visited.  In  fact  bnt 
a  short  time  was  spent  in  this  vicinity,  and  the  only  things  to  which 
mnoh  attention  was  given  were  the  nature  of  the  granite  and  its 
relationa  to  the  sarrooBdiDg  xookB. 
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Portage  from  ike  Kawiahiici  river  to  Srunobank  lake. 

This  portage  starte  from  the  river  ia  the  N.  E.  ^  of  N.  W.  i  aeo. 
IS,  croBsea  the  S.  E.  oorner  of  aeo.  10  and  reaohea  Soowbaiik  lake 
at  ita  aoathweateru  nonier  in  the  S.  £.  ^  of  N,  E.  \  sec  11;  all  in 
T.  63-9.  No  rook  bnt  the  ordinary  ooarae  grained  gabbro  waa  aeen 
until  after  reaching  the  S.  W.  ^  of  sec  11  *  About  one-third  of  a 
mile  eaat  of  the  line  between  sees.  10  and  11  is  a  low  ridge  of  coarse 
pinkish  syenite  (Xo.  474).  A  short  distance  beyond  this  is  an  ont- 
orop  of  fioe  grained  red  syenite  (No.  476),  and  farther  on,  jost  to 
the  right  of  and  on  the  port^e,  is  a  coarse  pink  syenite  (No,  476) 
much  reaembling  No.  474.  A  little  farther  is  a  dark  colored  rather 
fine  grained  diorite  (No.  477),  and  jnst  beyond  this  is  another  still 
finer  grained  diorite,  which  continnes  for  a  short  distance,  where 
it  is  cnt  by  veins  of  a  fine  grained  gray  to  reddish  syenite  (No.  478) ; 
at  this  latter  place  the  finer  diorite  is  represented  by  No.  479.  On 
the  north  side  of  the  same  ridge  in  which  the  last  two  rooks  occnr 
a  gray  porphyritio  syenite  (No.  480)  is  seen.  The  relation  of  this 
to  the  other  rocks  coold  not  be  determined.  Farther  on  and  a 
short  distance  to  the  left  of  the  trail ,  ia  a  low  ridge  of  this  same 
gray  porphyritio  syenite,  here  represented  by  No.  481.  There  are 
thus  seen  od  this  portage  several  apparently  dietinct  kinds  of  sye- 
nite, bat  the  relations  between  them  were  not  ascertained,  as  there 
were  bnt  few  ontcrops  and  in  no  exposure  did  two  of  these  syenites 
occur  together- 

Snowbank  lake. 

On  the  west  shore,  in  the  N.  i^  of  N.  E.  {  sec.  U,  T.  63-9,  a  fine 
grained  syenite  (No.  482)  in  seen;  this  is  qnite  similar  in  appear- 
ance to  Nos.  480  and  481.  Farther  north  syenite  is  again  seen  on 
the  shore;  here  it  is  coarser  grained  and  not  at  all  like  No.  482. 
This  coarser  grained  syenite  extends  along  the  west  shore  into  the 
northwest  oorner  of  the  bay  in  the  8.  J  of  8.  E.  i  eeo.  2,  T.  63-9. 
Here  it  is  represented  by  Nos.  483  and  484;  the  former  is  a  dark 
red  syenite  of  mediam  grain,  and  the  latter  is  of  lighter  oolor,  oon- 
tains  less  hornblende  and  is  the  faoies  of  the  rock  that  is  most  com- 
mon at  this  locality.  Just  off  the  point,  which  is  in  the  N.  W.  J  of 
8.  E.  ^  sec.  2,  T.  63-9,  is  a  small  ielaud  made  of  a  coarser  faciea  of 
the  same  syenite  (No.  485).  This  is  cut  by  veins,  of  all  sizes  op 
to  three  feet  across,  of  a  doll  reddish  rather  coarse  grained  syenite 
(No.  486)  made  up  almost  entirely  of  feldspar;  the  other  constitu- 
ent is  in  small  amonut  and  seems  to  be  epidote.    The  point  crossed 
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by  the  line  between  seos.  36  and  36,  T.  6l-9,  is  oompoaed  of  dark 
diohl«  of  medinm  grain  (Ko.  487);  this  sppeaia  in  the  form  of  a 
dyke,  100  feet  or  more  in  width.  It  rims  about  north  and  Boath. 
The  syenite  was  seen  jnat  east  of  this  point  and  also  along  the  shore 
weatof  H;  here  the  syenite  is  quite  coarse  grained  and  oontaifs 
much  biotite  (Na  488).  The  point  on  the  south  shore,  in  the  S.  E. 
^  of  N.  W.  i  seo.  35,  T.  64-9,  shows  syenite  of  a  rather  fine  grain 
(No.  489). 

The  bay  whioh  rans  soath  along  the  line  between  seos.  34  and 
35,  T.  64-9,  shows  no  oatorops  along  its  shores.  And  on  going 
west  a  short  distance,  near  the  township  line,  no  rock  was  seen 
in  situ. 

On  the  west  shore,  in  the  N.  E.  ^  of  N.  E.  i  see.  34.  T.  64r-9,  a 
shore  distance  north  of  the  portage  whioh  rans  to  Flash  lake,  is  a 
Ui^  bluff  of  fine  grained  diabase.  Farther  north  on  the  west 
shore  of  the  narrow  bay  in  the  S.  E.  ^  of  S.  E.  ^  seo.  27.  T.  64r-9, 
the  fine  grained  greenish  diabase,  here  represented  by  No.  489A,  is 
eat  by  an  irregular  dyke  of  reddish  porphyry  (No.  490).  This 
dyke  is  from  two  to  five  feet  wide  and  was  traced  for  at  least  thirty 
feet  Another  small  mass  of  this  same  rook  was  seen  near  by,  bat 
it  was  exposed  only  in  one  place.  This  porphyry  (No.  490)  has  a 
reddish  to  purplish  aphanitic  ground-masB,  in  whioh  are  porphy- 
ritic  CTjetals  of  red  feldspar  and  small  areas  of  ohlorite.  Under 
the  microscope  the  ground-mass  is  seen  to  be  microgranitio  in 
stmctnre  and  apparently  composed  of  quartz  and  feldspar.  The 
feld^xir  phenoorystfl  are  more  or  less  altered  and  the  majority  of 
them  show  polysynthetic  twinning.  Irregular  areas  of  ohlorite 
ooenr  in  the  ground-mass,  but  nothing  is  left  to  show  what  was  the 
mineral  that  originally  occupied  these  areas.  A  few  small  apatite 
loisma  are  present,  and  scattered  through  the  whole  rock  are 
minute  green  flakes  of  ohlorite.  The  rock  is  probably  a  syenite 
porphyry. 

No  rod  ezoept  that  above  described  is  seen  on  the  shores  of  this 
narrow  bay  north  of  the  south  line  of  sec  27,  T.  64r-9.  But  where 
this  line  ctossea  the  east  shore  of  the  bay  there  is  a  low  ridge 
whioh  shows  angular  fragments  of  fine  grained  greenish  diabase 
aimilar  to  No.  489A.  No  rock  is  seen  in  place  along  the  sonthwest 
shore  of  the  promontOTy,  on  whioh  are  the  comers  of  sees.  26,  27, 
31  and  35,  T.  64-9,  but  many  angular  fragments  of  the  fine  grained 
diabase  occur  at  the  water's  edge.  On  the  sharp  point,  at  the  south- 
em  end  of  this  promontory,  angolar  fragments  of  the  diabase  and 
<^  pcffphyry,  similar  to  Na  490,  are  seen.  Along  the  shore  jast 
east  ot  this  point  are  angular  fragments  of  granite,  and  a  little 

Dgiize.  ..Google 


62  TWENTIETH  ANKDAL  BEPOBT 

farther  Dortfa  tfaiB  granite  oocore  in  situ.  Several  outcrops  of  the 
saioe  are  eeen  aloDg  the  shore  before  comiDg  to  the  line  between 
sees.  26  and  86,  T.  6i-9.  At  this  place  No.  491  was  collected;  this 
well  represents  the  granite  from  the  east  shore  of  this  promontory. 
I^is  a  granite  of  mediam  grsiii,  reddish  color  and  compact  teztnre; 
the  feldspar  varies  from  reddish  to  white,  and  the  hornblende  is  in 
small  grains  and  does  not  make  up  more  than  one-fifth  of  the  whole 
rock.  Quartz  is  present  in  small  amoont  -Under  the  microeoope 
this  rock  (No.  491)  is  seen  to  he  a  distinct  hornblende  granite. 
Qaartz  is  present  in  larger  gnantit;  than  is  noticed  in  the  hand 
specimen.  The  feldspar  is  more  or  less  oloody  and  many  of  the 
grains  show  a  microcline  straotnre  and  have  a  wavy  extinction,  as 
have  also  some  of  the  quartz  grains.  The  hornblende  is  quite 
fresh  and  of  the  ordinary  green  variety.  A  few  scales  of  brown 
biotite  are  present,  and  also  some  green  chlorite,  which  appears  as 
an  alteration  prodact  from  the  biotite.  Bright  brownish  sphene  is 
seen  in  considerable  amount.  Ilmenite,  or  magnetite,  and  apatite 
prisma  are  also  present.  This  is  the  first  tme  granite  seen  on  this 
lake,  bnt  there  is  no  reason  to  suppose  that  it  is  distinct  from  the 
syenite  fonnd  elsewhere  on  the  lake;  in  fact,  everything  seems  to 
indicate  that  it  is  bat  an  ooid  fooies  of  the  syenite.  About  160  feet 
south  of  the  above  mentioned  section  line  is  a  low  outcrop  of  mioa- 
schist,  macb  twisted  and  bent.  This  schist  is  represented  by  No. 
492;  which  is  a  fine  grained  compact  mioa-schist,  and  by  No.  493, 
which  is  coarser  and  more  properly,  gneiss.  A  few  feet  north  of 
this  the  same  schist  is  seen  again;  here  it  is  out  by  many  granite 
dykes  which  vary  from  six  inches  to  three  feet  in  width.  This 
granite  is  part  of  the  same  as  that  mentioned  above  (No.  491).  The 
dykes  in  general  run  along  between  the  cleavage  planes  of  the 
schist,  but  some  were  seen  cutting  across  these  planes.  The  schist 
here  is  sometimes  much  changed  near  the  contact  with  the  granite, 
as  is  shown  by  Nos.  494  and  495,  which  are  diatiootly  gneisses;  the 
latter  is  decidedly  reddish  in  oolor.  There  is  no  gradation  from 
the  schist  or  the  gneissio  parts  of  it  into  the  granite;  the  contact 
between  the  two  rocks  is  sharp  and  distinct,  as  is  seen  in  No.  496. 
This  specimen  shows  the  two  rocks,  granite  and  schist,  in  contact; 
it  was  taken  from  the  edge  of  a  dyke  one  foot  in  width.  The  schist 
at  this  place  is  so  twisted  that  no  general  strike  can  be  made  out. 
In  places  the  granite  includes  pieces  of  the  schist.  A  few  yards 
north  of  this  section  line  and  back  about  100  feet  from  the  shore  is 
qnite  a  large  exposure  of  the  schists.  These  are  bent  some,  bat 
there  is  a  decidedly  general  trend  to  the  strike;  it  is  N.  35°  E.,  and 
the  dip  is  almost  vertical.    Just  beyond  (north)  this  expoanre  of 
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■chiflt,  and  in  the  strike  of  part  of  it,  is  another  outcrop  of  the 
granite  similar  to  No.  491.  On  one  of  these  oatcrops  there  is  a 
small  amoont,  one  by  three  feet  in  area  and  one  foot  thick,  of  por- 
plo  porphyry;  the  contact  with  the  granite  was  sharp  and  a  distinct 
line,  and  there  was  nothing  to  show  whether  this  rock  was  part  of 
a  dyke  or  an  inclneion  in  the  granite.  This  porphyry  is  repre- 
sented by  No.  497;  it  has  A  freeh  analtered  appearance  and  seems 
exactly  similar  to  that  already  described  nnder  No.  490,  except  that 
tiiat  the  latter  is  not  ^ery  fresh.  A  short  distance  north  of  the 
section  line  (between  sees.  26  and  36)  and  about  an  eighth  of  a 
mile  from  the  shore  is  a  small  island  composed  entirely  of  granite 
(No.  498).  This  island  is  directly  in  the  strike  of  the  last  men- 
tioned ontcrop  of  BohisL  The  granite  of  the  island  (No.  498)  ia  of 
rather  fine  grain  and  holds  a  considerable  amonnt  of  gaartz,  but  ie 
the  same  granite  as  that  described  above  (No.  491).  On  the  oorth- 
eaetem  end  of  this  island  the  granite  is  jointed  in  a  very  noticeable 
manner;  the  joints  split  the  rock  into  parallel  beds  that  stand  ver- 
tical and  strike  N.  70°  E. 

On  the  Bonth  shore  of  the  littte  bay,  in  the  8.  K  ^  of  8.  W.  ^  sec. 
26,  T.  61-9,  the  schist  is  seen  in  many  places,  and  the  granite  is  seen 
in  oontact  with  it  at  a  few  points.  The  scliiet  here  is  well  repre- 
sented by  the  epeoimens  collected  near  the  soath  line  of  this  sec- 
tion; and  where  the 
schist  is  in  contact 
with  the  granite  it 
takes  on  the  same 
characters  as  seen  in 
Nofl.  494  and  495.  Id 
one  place  a  small 
toDgne  of  the  granite 
was  seen  running 
across  the  strike  of 
the  schists,  as  shown 
in  the  accompanying 
,E.  n  illustration  {Fig.  4). 
B'  Along  the  shore  of 
ttiin  bay  the  schist  is  twisted  so  maoh  that  no  general  direction  of 
strike  is  noticeable. 

On  the  soath  side  of  tlus  bay,  near  its  western  end  and  down  at 
the  water's  edge,  the  schist  is  out  by  a  small  dyke.  This  dyke  is 
(oar  feet  wide,  but  was  not  exposed  for  over  eeven  feet;  the  walls 
are  parallel,  stand  vertical  and  strike  N.  60°  R  The  line  between 
the  dyke  and  the  schist  is  very  eiiarp.    The  dyke  rock  is  a  pnrpl? 
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porphyritio  rock  similar  to  that  already  described  under  Nog.  490 
and  497;  it  differs  from  these,  bowerer,  in  haviiig  distinct  glisten- 
ing biotite  scales  scattered  through  the  gronod-masB.  The  rook 
may  be  provisionally  called  a  syenite  porphyry.  No.  600  is  this 
rock  from  the  centre  of  the  dyke,  and  No.  501  is  the  same  from  one 
edge  of  the  dyke.  The  schist  at  this  place  has  a  dip  of  60°  to- 
wards the  east,  and  a  strike  almost  due  north  and  so'ntb.  The 
schist  from  near  the  dyke  is  represented  by  No.  499;  Uiis  is  a 
rather  fine  grained  gray  biotitio  gneiss.  In  section  this  gneiss 
(Na  499)  is  seen  to  be  a  faolocrystalline  aggregate  of  interlocking 
grains  of  quartz,  feldspar,  biotite  and  hornblende.  Many  of  the 
grains  are  elongated  somewhat  in  one  direction,  this  is  especially 
true  of  the  biotite,  and  there  seems  to  l>e  a  tendency  for  grains  of 
the  same  size  and  of  the  same  minerals  to  be  collected  somewhat 
in  irregolar  parallel  lines.  This  canses  a  decidedly  Bohistose  strno- 
tore  to  pervade  the  rock.  None  of  the  mineral  grains  show  any 
evidence  of  a  clastic  origin.  The  qnartz  is  dear  and  limpid  and  ia 
in  larger  grains  than  the  other  minerals;  it  makes  np  aboat  h&lf  of 
the  rook.  The  feldspar,  while  dondy  in  small  u'eas,  is  oBOally 
dear;  most  of  it  is  orthodose,  hnt  some  good  sized  plagipdasea  are 
present.  The  biotite  is  brown  and  fresh;  it,  more  than  any  of  the 
other  minerals,  ^  chiefly  confined  to  certain  irregular  lines.  The 
biotite  is  in  small  scales,  most  all  of  which  are  arranged  with  their 
long  axes  in  the  direction  of  the  schistosity  of  the  rook.  Horn- 
blende of  the  ordinary  green  variety  is  present  in  a  few  irregolar 
areas;  it  appears  very  fresh.  All  the  minerals  of  the  rook  present 
a  decidedly  fresh  and  unaltered  appearance. 

The  granite  occurs  at  the  west  end  of  the  little  bay,  in  the  8.  Ei 
i  of  8.  W.  i  sec.  26,  T.  64-9,  and  also  along  the  shore  for  a  short 
distance  north  of  this  place.  The  point  .in  the  N.  E.  i  of  8.  W.  i 
of  the  same  section  consists  of  a  high  ridge  of  green  Bohists.  These 
shists  are  hard  and  of  a  general  green  oolor;  they  seem  to  consist 
of  mica,  chlorite  and  silioions  matter  very  dosely  intermin^ed. 
The  rock  has  a  fine  lamination  due  to  rapid  alterations  iu  the  ar- 
rangement of  the  constituents,  thus  producing  laminae  of  different 
hardness  and  composition;  this  lamination  is  very  clearly  shown 
on  weathered  surfaces;  it  is  parallel  to  the  schistose  stmctnre  €]£ 
the  rock.  In  places  the  schist  is  oonglomeritic,  oontsioiDg  pebbles 
of  all  sizes,  up  to  a  foot  in  length,  elongated  in  the  direction  of  the 
strike.  The  strike  is  N.  20°  E.  and  the  dip  is  75°  to  80°  towards 
the  east  At  the  east  edge  of  this  ridge  the  schists  are  in  contact 
with  the  granite.  The  oontaot  line  is  sharp  and  runs  paralld  with 
the  strike  of  the  schists,  but  the  granite  sends  off  many  small  dykes 
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into  the  schists  aoroes  the  strike.  No.  602  represents  these  green 
Bohists.  Na  502A.  is  part  of  one  of  the  pebbles;  it  is  a  fi^ay  gaeiBS 
NcK  603  is  the  granite  from  one  of  the  dykes  foar  inobes  wide- 
this  is  s  fine  grained,  reddish,  hornblende  granite. 

The  green  sohista  extend  from  the  point  part  way  along  the 
aoatheastem  shore  of  the  bay,  in  tiie  N.  W.  i  of  S.  W.  i  sec.  26,  T. 
64—9,  bat  on  this  side  of  the  bay,  near  its  end,  is  a  d^rk,  oompaot, 
^hanitdo  rook  holding  while  feldspar  phenocrysts.  This  is  prob- 
ably a  porphyrite  (No.  504).  It  is  massive  at  the  shore,  bot  on 
going  ba<^  a  few  rods  from  the  shore  it  becomes  schistose,  as  is 
shown  by  No.  605.  This  porphyrite  was  traced  eastward  antil  it 
came  within  fifty  feet  of  the  green  schists,  bnt  soil  covered  the 
contact  The  porphyrite  and  the  green  schist  at  this  place  each 
had  their  distinct  oharaoters.  The  schistose  structure  of  the  por- 
phyrite is  parallel  with  that  of  the  green  schist  In  one  place  the 
inophyrite  is  ont  by  a  dyke  of  a  fine  grained  syenite  (No.  606). 
This  dyke  is  foar  feet  wide,  stands  vertical  and  rans  east  and  west. 

On  the  west  side  of  this  bay  the  green  schists  appear  again  and 
seem  to  get  more  massive  on  going  northward,  bat  the  shore  here 
was  not  caretalty  examined.  In  the  8.  W.  i  of  N,  £.  i  sec.  26 
maaaiTe  greenstone,  into  which  the  green  schist  seems  to  grade,  is 
eat  by  a  dyke  of  syenite  porphyry,  similar  to  No.  500.  On  the 
shore  jost  north  and  east  of  this  the  greenstone  and  syenite  are 
seen  tc^ther.  The  greenstone  here  is  qnite  massive  in  appearance 
and  the  contact  with  the  syenite  was  seen  in  only  one  place;  here 
it  was  a  decidedly  sharp  line  and  two  small  pieces  of  the  green- 
stone were  seen  in  the  syenite.  At  this  place  the  syenite  also  oats 
a  ^ay  diorite  blotched  with  hornblende  { No.  607 ) ;  the  relation  of 
this  diorite  to  the  greenstone  oonld  not  be  determioed.  The 
syenite  is  itself  cot  by  a  fine  grained  greenstone  (Na  608),  in  a 
dyke  which  varies  from  eight  inches  to  two  feet  in  width;  this  was 
traced  for  thirty  feet.  It  may  be  that  this  is  not  a  trae  dyke,  bot 
a  part  of  the  greenstone  snrronnded  by  syenite  as  it  is  decidedly 
■imilar  to  the  greenstone  and  can  not  be  distingaisbed  from  it  in 
hand  specimen.  The  syenite  is  here  represented  by  No.  60i), 
which  is  s  reddish  rook  of  rather  mediam  grain.  The  greenstone 
is  shown  by  No.  610. 

Jnst  north  of  this  mica-schist  is  seen  cat  in  every  direction  by 
dykes  of  the  syenite,  which  vary  in  width  from  two  inches  to  thirty 
feet.  The  mica-sofaist  is  shown  by  No.  611.  Farther  north  there 
is  a  la^e  mass  of  the  schist  exposed;  here  it  varies  from  a  mioa- 
sohist  like  Na  611,  to  a  green  schist  (No.  612),  which  is  very  8imi> 
lar  to  the  green  schists  described  above.    The  strike  here  is  N.  20° 
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E.,  and  the  dip  is  Kboat  vertioal.  These  sohists  extend  along  the 
shore  np  to  and  beyond  the  line  between  aeos.  23  and  26,  T.  61-9. 
Sometimes  they  are  oat  by  dykes  of  hornblende  granite  represented 
by  Xo.  613.  ^ear  this  section  line  the  schists  become  very  hard 
and  compact;  No.  614  from  this  place  is  a  very  niliceoaB,  fine 
grained  graywacke.  Here  the  strike  is  N.  25°  E.,  and  the  dip  is 
about  Tertioat.  On  a  ragged  blnff  just  north  of  this  section  line 
the  schists  are  mach  crampled  and  twisted  and  they  become  hard 
and  very  silicions.  No.  615  fairly  represents  the  schiBts  at  this 
place.  The  schists  continue  along  the  lake  shore  in  sees.  23  and 
24,  T.  64-9.  In  places  they  are  massive  in  appearance,  bat  aaoally 
a  lamination  can  be  seen  on  their  weathered  surfaces;  this,  how- 
ever, is  mnoh  twisted  in  every  direction,  bat  there  is  a  general 
northeasterly  strike  and  a  vertical  dip.  The  schists  in  these  two 
sections  are  well  represented  by  Nos.  616,  516  and  517. 

Where  the  line  between  ranges  8  and  9  crosses  the  north  shore 
granite  oconrs.  It  is  represented  by  No.  618,  which  is  very  similar 
to  the  granite  and  syenite  fonnd  elsewhere  on  the  lake.  The 
granite  here  cats  the  schists  in  dykes  Fanning  in  every  direction. 
Some  of  these  dykes  are  apparently  a  hundred  feet  wide,  while 
others  are  not  more  than  a  foot.  The  contact  between  the  two 
rocks  is  a  very  sharp  line,  as  is  shown  by  specimen  No.  f<19,  which 
was  broken  from  the  edge  of  a  dyke  eight  feet  wide.  The  schists 
at  this  place  are  represented  by  No.  520,  taken  within  two  feet  of 
the  granite;  it  is  a  fine,  hard,  silioioas  mica-schist  Here  there  is 
seen  a  small  amonnt  of  a  rather  fine  grained  dark  syenite  (No.  621); 
this  IB  distinct  from  the  granite  and  is  oat  by  it.  The  relation  of 
this  rock  to  the  schists  ooald  not  be  determined.  Jnst  east  of  the 
range  line  the  schists  are  seen  in  large  amount.  Here  the  strike 
is  N.  70°  E.,  and  the  dip  southward  from  70°  to  80°.  The  solusts, 
sometimes  oat  by  the  granite,  extend  along  the  shore  to  the  bay  in 
the  S.  W.  i  of  N.  E.  i  sec.  19,  T.  61-8.  On  the  west  side  of  this 
bay  the  schists  are  graywacke  schists.  The  strike  is  almost  east 
and  west  and  the  dip  varies  from  66°  to  .80°  towards  the  soath. 
These  schists  are  also  seen  at  the  north  end  and  on  the  east  side  of 
this  bay. 

There  is  a  small  island  in  the  N.  E.i  of  S.  W.  i  sec.  19,  T.  64-8> 
on  the  eastern  end  of  which  is  a  large  exposure  of  gray  to  reddish 
syenite  of  medium  grain  (No.  622).  Mr.  Wood  went  over  most  of 
this  island  and  found  it  to  be  made  of  the  same  syenite. 

Syenite  from  the  shore  in  the  N.  W.  i  of  S.  W.  i  sec.  29,  T.  64^ 
is  of  medium  grain  and  light  gray  color.  Small  areas  of  the  feld- 
spar have  a  peculiar  yellow  stain.  No.  623. 
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Several  ontcrops  on  the  east  shore  of  the  large  ialoDd,  which  lies 
in  sees.  30  and  31,  T,  6i-8,  and  seoe.  25  and  36,  T.  64^9,  were  ex- 
amined. Tliey  ar«  all  compoaed  of  rather  coarse  syenite  which 
holds  targe  qoantities  of  biotite.  No.  624.  Ooarse  syenite  simitar 
to  this  ocooTs  on  the  east  shore  on  the  line  between  sec.  36,  T.  61-8, 
and  seo.  1,  T.  63-9. 

At  the  southwest  end  of  the  island  that  is  crossed  by  the  line  be- 
tween sees.  30  and  31,  T.  64-8,  there  is  an  oatcrop  of  fine  grained 
biotite  gneiss  (No.  525). 

Bound  lake. 
This  lake  lies  mostly  in  sea  6.  T.  63-&  The  portage  from 
Snowbank  lake  to  Boand  lake  is  in  the  N.  £.  i  oE  sea  1,  T.  63-9. 
At  the  Snowbank  lake  end  of  this  portage  coarse  syenite- similar  to 
No.  524  oocnre.  Aboat  half  way  over  the  portage  a  finer  grained, 
reddish  syenite  (No.  526)  is  seen.  Bot  at  the  Bonnd  lake  end  of 
the  portage  is  coarser  syenite  simitar  to  No.  524.  On  the  north 
side  of  the  take  jnst  west  of  the  east  line  of  sec  1,  T.  64-9,  is  a  low 
oatcrop  of  hardened  mica-sohist,  oat  by  fine  syenite  veins.  No. 
327  shows  the  mica-schist  and  a  small  granite  vein.  The  lamina- 
tion of  the  schist  is  here  twisted  and  bent,  bot  there  seems  to  be  a 
general  sfarike,  No.  65°  E.;  however,  this  strike  is  not  very  pro- 
nooDced.  Farther  west  on  the  shore  are  many  angnlar  fragments 
of  syenite  similar  to  No.  526.  On  the  shore  in  the  N.  E.  i  of  S. 
E.  i  eec.  1,  T.  63-9,  is  an  oatcrop  of  the  schist  which  is  here  more 
like  gneiss  (No.  528).  In  contact  with  this  and  separated  from  it 
by  a  sharp  line  is  a  smalt  piece  of  syenite  which  held  a  small  ten- 
ticolar  piece  of  the  schist,  or  gneiss.  Back  from  the  shore  is  a 
small  hill  moch  covered  by  soil,  bat  still  exposing  several  angnlar 
Eragments  of  rock  that  are  nndoubtedly  in  aiiu  joat  below.  Here 
a  gneissio  rook  (No.  529)  and  red  syenite  (No.  530)  were  seen,  and 
in  one  place  they  were  in  sharp  contact;  in  other  places  they  seem 
to  grade  into  each  other  through  No.  631  and  532;  bnt  nothing 
definite  as  lo  the  relation  of  the  syenite  and  gneiss  coald  be  seen 
here.  Syenite  again  oocars  on  the  shore  a  little  south  of  this  opd 
is  seen  in  angular  blocks  along  the  southwestern  shore  of  the  lake. 
On  the  shore  in  the  N.  E.  i  of  N.  W.  i  sec.  7,  T.  63-8,  is  a  low 
ontcrop of  a  rather  fine  grained,  brownish  syenite  (?)  (No.  533), 
On  the  small  stream  that  comes  into  the  lake  in  this  one-sixteenth 
sectioii  and  about  100  yards  from  the  shore  is  an  exposure  of 
coarse  grained  syenite.  No  other  outcrops  are  seen  along  this 
stream  ontil  at>oat  a  quarter  of  a  mile  soath  of  the  lake;  here  the 
oidinsry  ooarse  grained  gabbro  of  the  region  occurs. 
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A  low  ontorop  of  mioa-eohiat  similar  to  No.  527  oooors  os  the 
north  Bide  of  the  lake  in  the  N.  W.  i  of  sec.  6,  T.  63-8.  A  litUe 
further  east  ayeuite  similar  to  Ko.  626  is  aeen.  In  the  N.  W.  i  of 
N.  E.  ^  (^  the  same  section  the  achists  again  appears.  Here  there 
IB  a  dstiided  strike  of  N.  70°  E.;  the  dip  is  about  vertioaL  The 
schists  vary  from  mioa-schist  to  graywaoke-sohist  to  qnartz-Bohist. 
They  are  seen  in  several  places  along  the  northeast  shore  of  the 
lake  and  also  on  the  east  shore.  In  some  places  the  schists  are 
oat  by  red  syenite  veins  or  dykes  ( Na  634).  The  most  soathem 
exposare  of  schists  seen  vas  on  the  east  shore  of  the  lake  on  the 
south  line  of  seo.  6. 

In  the  N.  W.  i  of  N.  E.  1  seo.  7,  T.  63-8,  jast  south  of  the  lake 
is  a  northerly  facing  gabbro  blaS  and  at  the  base  of  it  syenite  is 
seen.  The  gabbro  ie  the  naual  coarse  grained  gabbro  oommon  to 
this  region.  The  position  of  the  two  rocks  would  indicate  that  the 
gabbro  was  the  younger  and  overlay  the  syenite  bat  no  positive 
proof  of  this  was  to  be  seen,  as  soil  covers  the  junction  of  the  two 
rocks.  In  the  syenite  a  small  dyke,  ten  inches  wide,  of  a  fine 
grained  gabbro  ( ?j  occurs;  this  was  exposed  for  only  three  feet  in 
length.  The  contact  with  the  syenite  was  a  sharp  line  as  is  shown 
by  No.  635.  The  dyke  rock  is  represented  by  No.  636.  The  gab- 
bro proper  retained  its  coarse  grained  character  as  near  to  the 
syenite  as  it  was  exposed.  No.  537  is  the  gabbro  in  the  exposure 
nearest  the  syenite. 

Disappointment  lake. 
This  is  also  called  Gheadle's  lake.  It  is  an  irregular  lake  lying 
in  sees.  3  and  4  of  T.  63-8  and  sees.  27, 28,  32,  33  and  34  of  T.  64-8. 
Mica>  schist  occars  on  the  portage  from  Boand  lake.  At  the  east 
end  of  the  portc^e  in  the  N.  W.  i  of  S.  W.  i  seo.  3  is  a  low  out- 
crop of  schists,  almost  argillaceous  in  places.  The  strike  here  is 
N.  16°  E.,  and  the  dip  is  vertical.  The  western  shore  of  the  lake 
has  many  large  exposaree  of  conglomeritic  mica>sohist  est  in  many 
places  by  fine  red  syenite.  This  syenite  oocnrs  in  some  amount  on 
the  portage  to  Snowbank  lake  (S.  ^  of  S.  W.  i  sec.  32)  and  is  here 
seen  cutting  a  peculiar  gray  rook.  This  gray  rock  (No.  S39)  seems 
to  be  a  holocrystalline  aggregate  of  gray  feldspar  grains  among 
which  are  soattered  hornblende  prisms.  In  one  place  this  gray 
feldspathic  rock  held  many  pieces  of  a  darker  rock,  apparently  a 
diorite;  this  is  well  shown  by  the  specimen  oolleot<wl(No.639 ).  These 
pieces  of  diorite  are  of  irregolar  shapes  and  all  sizes  up  to  those  ten 
inohes  in  diameter;  none  of  them  are  lenticular  in  shape  and  they 
do  not  present  the  roocded  outlines  of  pebbles.    This  gray  rock  lies 
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to  Ui«  north  of  the  portage  and  is  between  two  ridges  oE  mioa- 
acMst,  but  was  not  aeea  in  oontaot  with  the  Bohist.  No.  689  is  the 
fine  red  syenite  which  cats  the  gray  rook. 

North  of  Disappointment  lake 
Two  small  lakes,  one  lying  in  the  N.  i  of  eeo.  27  and  the  other 
in  the  S.  E.  i  of  seo.  21,  T.  64-8,  were  passed  through.  The  rook 
on  the  shores  of  both  of  these  small  lakes  was  maeeive  in  appear- 
KDoe  and  varied  from  a  very  silioeoas  graywacke  to  a  bard,  fine 
groined  green  rook,  reBembling  the  ordinary  greenstone  of  the 
r^on.  Most  of  the  shore  line  of  the  former  of  these  lakes  was 
examined,  bat  no  rook  was  seen  excepting  that  jost  spoken  of. 

a      EIEEQUABIC  LAKE  ABEA. 
South  of  Kekequafyic  lake,  m  sees.  11  and  14,  T.  64-7. 

On  the  portage,  in  the  N.  E.  \  of  N.  W.  \  seo.  11,  is  a  ridge  of 
soft  dark  greenish  rock,  which  is  composed  largely  of  biotite  (No. 
510).  An  irregular  take,  lying  in  the  centre  of  seo.  11,  has  been 
colled  Biver  lake.  Its  shores  are  made  of  a  fine  grained  gabbro- 
like  rooL  This  varies  from  No.  641,  a  rather  coarse  faoies  from 
the  west  end  of  the  lake,  to  No.  642,  of  finer  grain  from  the  port- 
age in  the  N.  E.  J  of  8.  E.  \  sec.  II.  Moet  of  the  rook,  however, 
is  finer  grained  than  Na  541.  In  places  this  rook  has  small  veins 
or  streaks  running  through  it;  these  are  oomposed  mostly  of  biotite. 
At  times  they  are  quite  close  together,  as  efaown  by  Na  643,  and 
offain  very  few  of  them  are  seen.  No  general  direction  for  these 
block  streaks  could  be  seen.  On  the  north  side  of  the  central  west 
em  arm  of  this'lake  the  gabbro-like  rock  held  many  angular  and 
twisted  fragmentfl  of  a  reddish  syenite  similar  to  that  found  on 
Eekequabio  lake,  and  also  of  a  fine  grained  greenstone  (No.  644). 
These  fragments  are  of  all  sizee  up  to  those  a  foot  in  diameter; 
they  are  very  irregular  in  outline,  none  of  them  are  rounded,  and 
they  are  often  much  twisted  and  stretched.  No.  646  shows  some 
of  the  fragments  in  the  enclosing  rock. 

A  few  nKlfl  back  from  the  shore,  on  the  south  side  of  Biver  lake 
and  near  the  entrance  to  the  sontUem  of  the  western  arms  of  the 
lake,  is  a  westerly  facing  bluff  mode  up  mostly  of  the  fine  gabbro- 
like  rock,  ra  the  face  of  the  bluff  is  a  email  area  of  syenite  (No. 
546).  This  is  rather  fine  grained  and  is  oomposed  of  pinkish  feld- 
spar, hornblende  and  some  biotite.  The  syenite  was  seen  within 
six  feet  of  the  other  rook,  but  at  this  place  neither  of  them  showed 
any  chaoge  from  their  normal  oimdition. 
18  k 
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On  the  east  Bbore  of  the  lake,  near  the  centre,  is  a  very  micaceoae 
faoies  of  the  gsbbro-Iike  rook  (No.  547).  Jnat  eonth  of  this  ie  a 
gray  oonditioti,  probably  of  the  same  rook  (No.  548);  this  weath- 
ere  reddish. 

The  shores  of  Shoody  lake,  which  lien  mostly  ia  the  S.  B.  ^  of 
see.  LI  and  the  N,  E.  ^  of  sec.  14,  are  made  of  the  ordinary  gabbro 
of  the  region;  this  is  rather  finer,  especially  near  the  northern  end 
of  the  lake,  than  the  main  mass  of  the  gabbro.  In  one  place,  on 
the  north  side  of  the  western  arm  of  the  lake,  is  a  rook  similar  to 
that  wfai.ch  makes  most  of  the  shores  of  Biver  lake.  South  of 
Shoofiy  lake,  and  aboat  in  the  centre  of  the  N.  }  of  see.  14,  is  a 
large  hill  of  white  or  grayish  weathering  gabbro. 

Kekequabic  lake. 
On  the  south  side  of  the  little  bay  which  extends  into  the  N.  E. 
^  of  N.  W.  1  seo.  11,  T.  64-7,  is  an  ontorop  of  what  has  been  called, 
in  the  former  reports  of  this  survey,  ohloritio  syenite  and  ohioritio 
gneiss.  This  rook  has  a  considerable  development  on  the  shores 
of  Kekequabio  lake.  Under  the  mioroecope  it  is  seen  to  be  a  pyr- 
oxene granite.  It  is  of  a  rather  medium  or  fine  grain  and  reddish 
color,  and  will  be  frequently  referred  to  below.  South  of  this  out- 
crop and  about  200  yarda  from  the  lake  is  an  east  and  west  running 
ridge  made  of  a  dark  green  biotite  rook,  similar  to  No.  640,  which 
was  taken  from  this  ridge  a  short  distance  to  the  east  The  pyr- 
oxene, granite  IB  again  seen  in  low  outcrop  on  the  south  side  of  the 
point,  in  the  S.  E.  ^  of  S.  W.  1  seo.  2,  T.  64-7.  These  two  are  the 
only  exposures  ou  the  west  side  of  the  bay  mentioned  above.  On 
the  west  side  of  this  little  point  is  a  large  outcrop  of  the  pyroxene 
granite;  it  varies  considerably  wlthiu  a  few  inches  as  to  the  amount 
of  the  pyroxene  constituent.  No.  549  shows  the  lightest  colored 
and  coarsest  grained  faoies  from  this  place.  The  lock  presents  an 
irregidar  layered  appearance.  These  layers  vary  from  an  inch  to 
ten  inches  in  thickness,  and  even  the  same  layer  varies  in  thicknesa 
within  a  short  distance.  No  difference  in  composition  between  the 
different  layers  could  be  made  out,,  nor  is  there  any  arrangement, 
maoroscopioally  visible,  of  the  constituent  minerals  in  such  a  man- 
ner as  to  cause  splitting  along  certain  lines.  The  rook  did  not  show 
a  tendency  to  split  up  into  fine  layers  parallel  to  the  krger  ones. 
The  rook  has  not  yet  been  carefully  studied  in  regard  to  the  origin 
and  significance  of  this  Btrncture.  Fig.  5  representB  the  face  of  a 
small  exposure  of  this  granite  and  shows  the  regularity  of  the  lay- 
ers. The  layers  at  this  place  dip  from  10°  to  16°  towards  the 
BonUi. 
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Flc.  S.  SReloh  showlDK  the  parallel  lajets  Into  whloh  the  prroxeue  granite  1h 
bniken  In  tHe  S.  B.  ti  8.  n.  H  sec. !!,  T.  M-T,  south  shore  ot  Kekequable  lake. 

No  other  oatorops  are  seen  along  the  Boath  shore  in  sec  2  and 
the  S.  E.  ^  of  sec.  3,  T.  64-7.  On  going  eoath  Erom  the  lake  for  a 
qoarter  of  a  mile,  on  the  line  between  sees  2  and  3,  no  rook  ia  seen 
in  ntu,  although  the  ground  rises  very  rapidly  from  the  lake  shore. 
In  the  S.  E.  ^  of  S.  W.  }  sec.  3,  on  the  shore,  is  a  dark  colored  fine 
grained  ohlontio  rock  (Na  S50),  which  extends  westward  and  seems 
to  become  the  angnlar  weathering  ohlorite-biotite  rook  described 
ID  the  15th  (1886)  Annual  Beport,  page  364. 

The  little  promontory  (not  shown  on  Ihe  plat),  in  the  S.  W.  ^  of 
S.  W.  ^  sec.  3,  T.  64—7,  is  made  of  the  pjrroxene  granite,  which  here 
oontains  distinct  porphyritio  reddish  feldspars.  The  rock  is  well 
represented  by  No.  561.  There  is  in  the  granite  a  division  into 
layers  similar  to  that  described  above,  but  coarser  and  less  notice- 
able, wbiol}  here  dips  northward  15°  to  20°.  At  the  base  of  this 
promontory  is  a  low  outcrop  of  a  dark  aphanitio  rook  (No.  552) 
which  resembles  some  of  the  hardened  arsillyte  slates  of  Knife 
lake.  Just  west  of  the  promontory  the  chlorite-biotite  rock  is  again 
seen,  and  this  extends  along  the  shore  in  sea  4  and  ont  to  the  end 
of  the  point  in  the  8.  W.  J  ot  N.  W.  i  sec  3,  T.  64-7.  On  this 
point  the  pyroxene  granite  is  seen  in  contact  with  this  ohlorite- 
biotits  Took.  A  piece  of  the  granite  was  seen,  apparently  snr- 
roonded  by  the  other  rook,  but  no  positive  evidence  as  to  the  rela- 
ttve  age  of  the  two  could  be  sees,  although  the  granite  seems  to  be 
the  oldei.  The  contact  between  the  two  rocks  is  a  pretty  well  de- 
fined line.  Ko.  563  shows  the  granite  from  this  place;  No.  654  the 
roDtact;  and  No.  555  the  ohlorite-biotite  rock,  which  here  holds  a 
afflall  amount  of  red  feldspar,  not  seen  in  it  elsewhere.  On  the 
nortii  side  of  this  point  the  granite  occurs  in  a  large  exposure.     It 
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is  here  finer  grained  than  Ka  553,  and  ia  represented  by  No.  556. 
It  variea  mnch,  eapeoially  towarda  the  treat  end  of  the  ezpoeore, 
and  heoumea  darker  colored  and  mnoh  finer  grained,  as  ia  shown  by 
No.  557.  The  ohlorite-biotite  rook  is  again  seen  at  the  extreme 
eastern  edge  of  this  point  and  in  6ne  place  it  ia  in  contact  wiih  a 
small  piece  of  the  granite.  On  the  north  aide  of  this  point,  near 
its  base,  is  an  nninterrnpted  ezposare  extending  along  the  shore  for 
thirty-five  feet,  and  jnst  eaat  of  it  are  other  small  expoenrea  within 
a  few  feet  of  each  other.  Here  there  is  a  gradnal  change  from  a 
gray  aphanitio  rock  mnch  resembling  some  of  the  gray  elate  of  thia 
vicinity  to  the  pyrosene  granite,  as  represented  by  Nob.  556  and 
657.  The  gray  rock,  however,  shows  no  evidence  of  lamination  or 
any  definite  alaty  cleavage;  it  may  be  a  very  fine  grained  facies  of 
the  granite  in  which  the  porphyritio  feldspars  are  lacking.  As  yet 
these  specimens  have  not  been  studied  microeoopally.  Noa.  601  to 
615  represent  this  gradation;  No.  601  is  the  gray  rock;  the  speoi- 
mena  np  to  No.  612  were  taken  within  distances  of  one  to  foar  feet 
going  eastward  from  No.  601 ;  Nos.  613,  614  and  615  oocarred  thirty 
to  forty  feet  further  eaat,  and  these  pass  into  the  facies  of  the  gran- 
ite repreaented  by  Noa.  656  and  657.  From  this  point  northward 
the  rest  of  the  west  shore  in  sec.  4,  T.  64-7,  and  the  north  shore  in 
sec.  34,  T.  65-7,  were  explored  carefully  for  any  trace  of  the  pyrox- 
ene granite,  bnt  none  was  foond. 

The  little  island  jnst  northeast  of  the  end  of  thia  point  (S.  W.  ^ 
N.  W.  ^  sec.  3,  T.  64^7,)  has  on  ita  western  end  nomerona  angolar 
fragments  of  dark  aphanitio  rock  holding  red  feldapar  crystals 
(No.  558).  And  on  the  soath  aide  of  the  island,  and  in  some  places 
on  ite  west  end,  are  slao  fragments  of  a  dark  conchoidally  breaking 
argillyte  (No.  559)  very  similar  to  No.  652  described  above.  These 
two  rocks  (Noe.  568  and  559)  are  undoubtedly  in  place  j  nst  below  the 
angular  blocks.  On  the  east  end  of  the  island  is  a  small  ontorop 
of  a  gray  rock  which  has  a  fine  grained  granitic  gronnd-mass  hold- 
ing very  small  porphyritio  crystals  of  pyroxene  and  large  ones  of 
feldspar.  This  rock  is  numbered  560.  It  is  the  same  rock  as  is 
found  in  considerable  amount  farther  eaat  on  the  shores  and  islands 
of  this  lake.  This  rock  is  found  to  be  a  very  fine  grained  pyroxene 
granite  porphyry,  and  will  be  spoken  of  in  this  report  as  such,  or 
simply  as  granite  porphyry.  This  rock  %as  seen  in  sharp  oontsotj 
in  a  loose  block,  with  the  black  argillyte.  Bocks  Noa.  558  and  560 
are  proliably  different  facies  of  the  same  rook;  apparently  inter- 
mediate stages  were  seen. 

The  island  nearest  the  end  of  this  point  has  a  good  sized  bluff  ot 
granite  near  itfi  centre;  this  is  well  represented  by  the  ^pecimenB 
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described  above,  Ifos.  656  and  567;  it  ocoapies  the  north  half  of 
the  island.  On  the  aonth  ehore  ie  a  dark  rook  with  a  green  ohlor- 
itio  gronnd-maBB  in  which  are  blotoheB  of  hornblende  (No.  561); 
this  seems  to  pass  into  a  fine  grained  condition  (No.  662)  which  is 
Been  in  sharp  oontact  with  the  granite,  bat  the  relative  ages  of  the 
two  was  not  determined. 

On  the  east  shore  of  the  little  bay  which  lies  at  the  southern  aide 
of  the  baseof  this  point  (H.  W.  ^  N.  W.  ^  sec.  3,  T.  64-7, )  is  a  slaty 
rock  which,  however,  appears  perfectly  massive,  except  in  weath- 
ered fr^ments  where  the  slaty  structure  is  brought  oat;  no  evi- 
dence of  lamination  was  seen.  At  the  northeast  corner  of  thu  bay 
the  slate  is  a  black  almost  conchoidally  breaking  argillyte.  Here 
on  the  weathered  surfaces  appears  a  fine  lamination  which  strikes 
N,  20°  E.  and  dips  75°  toward  the  east  This  roek  is  similar  to 
Na  669,  and  it  is  peculiarly  spotted  by  small  gray  to  whitish 
blotofaee.  Thcee  spots  are  not  very  numerous,  but  are  often  qnite 
distinct;  they  are  of  all  sizes  up  to  those  five  mm.  in  diameter. 
No.  663  shows  this  spotted  slate.  Qoing  west  along  the  north  shore 
of  this  little  bay  the  black  slaty  rook  is  seen  in  several  low  outorops ; 
it  is  cat  by  small  veins  which  etand  out  above  the  surface  of  the 
rock  on  weathered  anrfaoes.  Near  the  west  end  of  the  bay,  in  the 
S.  E.  i  N.  W.  i  sec.  4,  T.  64-7,  U  a  aoft  green  schist  (No.  564), 
which  strikes  northeast  and  dips  70°  toward  the  northwest  This 
rock  shows  no  lamination,  but  has  a  very  pronounoed  sohistoee 
straetora  Juat  west  of  this,  near  the  northwest  corner  of  the  bay, 
is  (he  green  chloTit&-biotite  rock. 

The  large  island  in  the  E.  ^  of  seo.  3,  T.  6J^7,  and  the  three 
smaller  islands  that  lie  just  west  and  northwest  of  it  are  composed 
of  the  pyroxene  granite.  The  rook  varies  somewhat  in  grain  and 
in  the  amount  of  the  pyroxene  constituent  present.  Na  565,  from 
the  east  end  of  the  Bmallest  of  the  three  smaller  islands,  shows 
about  the  normal  condition  of  this  granite.  Na  566  is  a  ooaraer 
grained  fames  from  the  southern  end  of  the  largeat  and  most  north-  . 
arly  of  the  three  smaller  islands.  On  the  north  shore  of  the 
large  island,  near  its  western  end  the  granite  varies  from  a  fine 
grained  condition,  like  No.  665,  to  a  dark,  fine  grained  facies  (No. 
567).  At  this  place  was  also  seen  a  email  band  or  inclusion  of  a 
gray  and  block  slaty  rook  (No.  568)  in  the  granite. 

On  the  eaet  shore  of  the  bay  in  the  N.  E.  i  of  N.  W.  J  eeo.  11,  T. 
61-7,  ie  a  fine  grained  green  chloritio  rook  (No.  569).  This  is 
roughly  schistose  in  places  and  at  the  water's  edge  is  seen  to  be 
oonglomeritic.  The  pebbles  are  rounded  and  do  not  appear  dis 
tinct  (m  fresh  sarfaoee,  but  where  the  rook  is  waterwom  they  ore 
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qiiite  proument  From  this  exposare  a  ridge  rans  eastward  and  a 
short  distsDoe  From  the  shore  the  rook  is  dietiDotly  lamiaated,  as 
shown  by  No.  570.  Thi9  exposure  may  have  been  a  little  displaced, 
bnt  to  all  appearances  it  has  not  been.  The  dip  is  aboat  vertical 
and  the  strike  is  K.  80°  W.  Jnst  north  of  this  and  also  in  the  S. 
W.  \  of  8.  E.  i  eeo.  2,  T.  64-7,  are  hilla  of  fine  grained  pyroxene 
granite  (No.  671).  In  the  granite  are  a  tew  dark  inclusions  of  ir- 
regalor  ontline ;  No.  572  is  from  one  of  these.  The  same  fine 
grained  pyroxene  granite  ie  seen  in  several  places  along  the  shore 
of  the  bay  which  lies  in  the  E.  ^  of  S.  W.  ^  sea  %  T.  64-7,  Mid  the 
high  hills  jnst  eaet  of  this  bay  are  apparently  oomposed  of  the 
same  rook.  These  hills  were  visited  in  the  E.  i  of  3.  W.  ^  of  S.  E. 
i  and  N.  R  1  of  N.  W.  i  of  8.  E.  i  sec.  2,  and  were  foond  to  be  made 
of  the  same  granite,  well  represented  by  No.  671.  Syenite  is  also 
seen  on  the  west  side  of  the  northward  extension  of  this  bay  and  on 
the  point  in  the  N.  E.  i  of  S  W.  i  sec.  2.  No  other  outcrops  are  seen 
northward  along  the  ehore  in  sec.  2,  bat  on  the  point  in  the  S.  W. 
i  of  8.  E.  i  seo.  36,  T.  65-7  is  a  low  expoenre  of  a  very  fine  grained 
faoies  of  the  granite  ( No.  576^. 

There  is  an  island  in  the  N.  W.  J  of  N.  W.  i  sec.  2,  T.  64-7,  which 
is  meule  ap  mostly  of  the  pyroxene  granite  (No.  573);  this  varies 
somewhat  in  grain,  bat  none  was  seen  as  fine  as  No.  571 ;  it  is  no- 
ticeably porphyritic  with  reddish  feldspars.  On  the  west  side  of 
the  island  near  the  north  end  is  a  rook  with  a  green  aphanitic 
groond-mass  in' which  are  numeroos  glistening  biotite  soales, — No, 
574.  This  rook  is  seen  in  contact  with  the  granite;  the  contact 
line  is  sharp  and  distinct  The  green  rook  is  cnt  by  many  vein- 
like forme  of  a  pnrple  rook  which  is  seen  to  be  part  of  the  granite, 
bnt  they  were  not,  actually,  traced  into  the  granite.  No.  576  shows 
this  rook  in  contact  with  the  green  rook.  On  a  microscopic  exam- 
ination No.  575  is  seen  to  be  pert  of  the  granite.  The  two  rooks 
were  not  apparently  changed  near  the  contact.  Many  angular  and 
.  rounded  fragments  of  the  green  rook  are  seen  in  the  granite  and  a 
few  fragments,  or  what  appear  to  be  such,  of  the  latter,  are  seen  in 
the  green  rook.  The  evidence  of  this  exposure  points  to  the  more 
recent  age  of  the  granite. 

About  the  foot  of  the  shallow  bay  in  the  8.  E.  i  of  S.  E.  J  sec.35, 
T.  66-7,  is  an  ontcrop  of  a  very  light  colored  faoies  of  the  pyroxene 
granite  porphyry  (No.  677).  Down  at  the  water's  edge  this  rock 
held  a  piece  of  a  dark  chloritio  rock,  similar  to  No.  574;  this  ia 
probably  an  inolosion  in  the  porphyry,  but  not  enough  was  ex- 
posed to  show  this  positively.  A  short  distance  eaet  of  this  place 
a  purplish  condition  of  the  granite  porphyry  is  seen  (No.  578 ).    In 
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fragments  from  the  side  ot  this  expoBore  there  is  a  diatmot  arrange- 
meot  of  the  porphyritis  feldspar  crystals  in  approximately  parallel 
position.  This  coald  not  be  seen  very  well  in  the  rook  in  situ,  bnt 
at  one  favorable  place  this  arrangement  was  in  planee,  or  appar- 
ently BO,  ranning  abont  east  and  vest  and  dipping  M.  aboat  46°. 
That  this  direction  is  oonetant  in  this  plaoe  is  not  clearly  shown. 
The  rock  contains  few  pyroxene  prisns,  bat  a  fev  were  seen  one- 
eighth  to  one.gaarter  of  an  inch  in  length.  A  short  dietance  far- 
ther east,  in  the  8.  W.  J  of  8.  W.  i  sea  36,  T.  65-7,  is  an  oatCTop 
of  fine  grained  pyroxene  granite,  similar  to  No.  671. 

On  the  main  shore,  jast  soath  of  the  west  and  of  Stacy  island 
(the  island  jost  off  the  shore  and  near  the  center  of  the  N.  ^  of  8- 
W.  i  seo.  36J,  a  few  feet  from  the  water,  is  a  low  kcoll  of  the 
granite  porphyry  well  represented  by  Na  678,  althoagh  here  the 
porphyritic  crystals  are  not  quite  aa  abnndant  as  in  that  namber. 
A  few  rods  back  from  this  knoll  a  high,  preoipitons  hill  risee,  prob- 
ably 200  feet  abore  the  lake;  this  hill  extends  along  the  lake  shore 
in  the  8.  ^  of  sec  36,  T.  66-7.  Mr.  Wood  went  tb  the  top  of  the 
hill,  bpt  foand  it  to  be  all  made  of  the  same  rock  as  is  seen  at  its 
base, — a  fine  grained  faoies  of  the  pyroxene  granite  (No.  679). 
This  granite  and  the  granite  porphyry  were  traced  within  160  feet 
of  each  other,  bot  no  nearer.  Nothing  was  seen  to  indicate  a  grada- 
ticm  between  the  two  rocks. 

The  granite  porphyry  oocors  on  the  south  shore  of  the  lake  in 
Bcreral  places  in  the  8.  *  of  N.  E.  i  sec.  36,  T.  65-7  and  8.  W.  i 
N.  W.  i  sea  31,  T.  66-6.  Careful  search  was  made  for  any  general 
direction  for  the  long  axes  of  the  feldspar  crystals  io  this  porphyry, 
but  none  could  be  found.  In  the  8.  W.  i  of  N.  E.  i  sec.  36.  T.  66-7, 
joat  back  from  the  shore,  is  a  cliff  aboat  eighty  feet  high.  The 
lower  half  of  this  is  composed  of  the  granite  porphyry,  and  the 
npper  half  of  a  green  conglomerate  similar  to  that  described  half 
a  mile  aonthwest  from  this  place  on  Btaoy  island.*  The  exact 
line  of  contact  between  the  two  rooks  was  seen  in  only  one  place, 
but  the  two  were  traced  within  two  to  five  feet  of  each  other  for 
some  distance  along  the  face  of  the  cliff.  The  contact  tine  remains 
nearly  horizontal  for  some  distance  and  then  suddenly  runs  up- 
ward. There  seemed  to  be  no  blending  of  the  two  rocks  at  their 
junction,  bat  the  porphyry  was  roughly  schistose  and  softer  than 
usual,  while  the  conglomerate  seemed  harder  and  more  cryetalline. 
Ho.  580  represents  the  porphyry  and  No.  661  the  conglomerate  at 
the  contact;  these  two  specimens  were  taken  within  two  inches  of 
each  other.    No.  662  shows  the  porphyry  about  four  feet  from  the 
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ooBKlomerate.  The  dip  of  the  oo&glomeiate  seemed  to  be  toward 
the  Bonth,  bat  nothing  defiiiite  conld  be  determined  aboat  this. 
The  eoathwest- side  of  Stacy  island  has  qaite  an  extenaire  expoa- 
nre  of  the  granite  porphyry,  hot  the  jaaction  of  this  and  the  oon- 
glomerate  and  the  diabase  on  the  island  was  not  tonnd.  The  por- 
phyry here  is  rather  coarser  grained  than  nsaal  and  carries  oon< 
siderable  biotite, — Ka  583.  The  island  jost  west  of  this  shove 
many  ontorops  of  the  porphyry  along  its  shores,  in  fact,  this  was 
the  only  rook  seen  on  the  island. 

On  the  northwest  and  of  the  little  point  in  the  S,  W.  i  of  N.  W, 
i  sec.  31,  T.  65-6  (south  side  of  the  lake)  there  is  a  dark,  mediam 
grained  diabase,  f  And  on  the  northeast  corner  of  this  point  is  a 
low  outcrop  of  a  fine  grained,  gray,  apparently  holoorystalline  rock; 
the  gronnd-masB  is  grayish  and  in  it  are  small,  black  needles, 
probably  of  hornblende,  and  a  few  scattered,  rather  irregularly 
oatlined,  feldspar  individaalB.  There  are  also  a  few  lonnded  peb- 
bles, op  to  those  two  inches  in  diameter,  soattered  through  the 
rock.  The  specitnens  collected  (No.  593)  show  some  of  the  pebble 
forms.  Some  of  these  pebbles  are  seen  to  be  snb-angal|r,  bat 
moat  of  them  are  roanded.  They  seem  to  be  scattered  irregolarly 
throogh  the  rook  and  lie  in  no  definite  planes  or  layers;  there  is 
nothing  in  the  rook  to  show  any  sedimentary  lamination  or  bedding; 
it  appears  perfectly  massiTe.  This  rock  is  seen  in  several  oatcropa 
in  the  N.  E.  i  of  S.  W.  i  sec.  31,  T.  65-6,  and  the  shore  is  here 
nsaally  lined  with  fragments  of  it.  In  the  eastern  part  of  tbis 
one-sixteenth  section  is  qaite  an  extensire  ezpoiiare  a  short  dis- 
tance back  from  t)ie  shore.  Here  the  pebbles,  which  have  been 
steadily  increasing  in  abundance  eastward  from  the  first  mentioned 
ontcrop,  are  very  numerous.  It  would  be  almost  impossibe  to 
find  any  surface  a  foot  square  in  the  rock  at  this  place  which 
would  not  contain  one  or  more  pebbles,  and  many  areas  of  this  size 
would  include  as  many  as  twenty.  The  rock  is  here  represented  by 
No.  694  and  pebbles  from  it  by  594A.  This  rook  extends  along 
the  shore  in  a  few  outcrops  nearly  to  the  east  line  of  sec.  31.  The 
pebbles  grow  less  abundant  on  going  east  from  No.  594;.  No.  595 
shows  a  more  highly  crystalline  condition  of  this  rock  from  the 
S.  E.  i  N.  E.  i  sec.  81.  The  noticeable  features  of  this  rock  are 
its  sharply  oatlined,  rounded  and  sub-angalar  pebbles  and  the  few 
scattering,  white,  apparently  porphyritio,  feldspar  crystals,  some- 
times a  quarter  of  an  inch  in  length.  No  bedding,  lamination  or 
definite  arrangement  of  the  pebbles  could  be  seen  in  the  rook.  It 
seems  that  this  rook  is  a  metorophosed  conglomerate,  and  it 
strongly  reminds  one  of  certain  facies  of  the  Ogishke  oonglomer- 
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lie.  In  one  place  Id  the  last  mentionad  one-wtoenth  section  there 
is  a  roagh,  pamllel  jointaKe  is  the  rock;  these  joints  dip  sonth- 
ward  aboat  26°. 

In  tiie  eastern  aide  of  the  above  -^g  section  is  a  low  bluff  of  fine 
grained  diabase  and  granite  porphyry.  The  two  rooks  are  seen  iu 
contact;  the  line  between  them  is  sharp  and  abont  vertioal,  bat 
quite  irregular,  angles  of  each  prelecting  into  the  other.  There 
ma  nothing  seen  to  determine  the  relative  ages  of  the  two  rooks. 
Ncx  696  shows  the  granite  porphyry  about  three  feet  from  the  con- 
tact; No.  597  is  the  same  at  the  contact.  No.  598  is  the  diabase  at 
the  contact,  and  No.  599  is  the  same  six  feet  from  the  contact.  No. 
600  shows  a  coarser  grained  condition  of  the  saiafi  also  six  feet  from 
the  contact.  These  last  three  grade  into  each  other.  It  may  pos- 
sibly be  that  the  specimens  Nob.  698  and  599  are  altered  black  slate, 
but  this  cannot  be  told  macroscopioally,  and  to  all  appearances  they 
are  oontinnons  with  and  not  to  be  separated  from  No.  600,  which  is 
a  distinct  diabase.  The  sonth  shore  of  the  lake,  from  this  place  to 
its  extreme  eastern  end,  was  examined  oarefnlly  for  other  ontorops 
of  the  granite  porphyry,  but  none  were  found. 

On  the  north  shore  of  the  lake,  in  the  W.  |  of  N.  E.  ^  of  N.  W. 
\  sec.  81,  T.  65-6,  there  is  an  ezpoanre  of  the  granite  porphyry 
viuoh  has  above  it,  and  on  both  sides  of  it  at  the  water's  edge,  a 
green  rook  seemingly  the  same  as  the  green  sohiste  foond  a  short 
distance  to  the  west  Here  the  green  rock  appears  perfectly  mass- 
ive, except  in  a  few  places,  where  there  is  a  very  indistinct  lamina- 
tion, which  is  not  BnfBoiently  developed  to  enable  one  to  determine 
the  atrike  and  dip.  No.  616  is  the  porphyry  thirty  feet  from  the 
green  rook ;  the  porphyry  holds  a  few  small  loonded  areas  of  green- 
ish material  with  rather  indistinct  oatliues;  one  of  these  is  shown  in 
the  apecimeu  of  the  porphyry  collected  here  (No.  616).  The  two 
rocks  were  traced  within  two  feet  of  each  other,  bat  the  exact  con- 
tact was  not  seen.  Nearest  to  the  green  rook  the  porphyry  aeemed 
to  be  finer  grained  (No.  617).  No.  618  ahowe  the  green  rook  with- 
in thirty  inches  of  No.  617,  and  the  ill-defined  reddish  blotches 
which  are  seen  in  the  green  rock  near  the  porphyry.  Na  619  is 
the  green  rock  abont  fifty  feet  from  the  porphyry.  On  the  east 
dde  of  thie  exposure  the  two  rocks  are  seen  close  tc^tfaer.  Here 
the  porphyry  held  pieces  of  greenish  material  (No.  620)  np  to  ten 
inches  across;  there  was  no  very  sharp  line  between  these  and  the 
porphyry,  but  owing  to  the  moss  and  lichen  covered  oondition  of 
the  rock  these  green  areas  coold  not  be  well  outlined.  Search  was 
here  made  for  some  general  direction  for  the  long  axes  of  the  teld- 
epar  crystals  of  the  porphyry,  but  none  could  be  found. 
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With  the  exception  of  a  Bmall  area  of  fissile  green  schist  on  its 
western  aide,  the  point  on  which  are  the  corners  of  peo8.  29,  30,  31 
ftnd  32,  T.  65-6,  ia  made  entirely  of  the  granite  porphyry.  It  here 
reaCrhes  its  most  typical  derelopment.  This  is  the  first  exposure 
of  the  porphyry  on  the  north  side  of  the  lake  east  of  that  described 
joet  aboT&  Oreen  slate  is  seen  jost  north  of  this  point,  bat  be- 
tween this  and  the  porphyry  there  are  no  exposures;  however,  at 
the  nearest  point  to  these  green  slates  the  porphyry  is  finer  grained 
than  nsoal,  as  is  shown  by  No.  621.  A  number  of  the  largest  pyr- 
oxene orystals  were  collected  from  the  rock  on  this  point,  and  also 
Bome  of  the  feldspars,  which  showed  dark  centres.  Very  few  in- 
oloBiouB  were  fonnd  here;  probably  not  more  than  thirty  were  seen; 
these  varied  from  half  an  inch  to  ten  inches  in  diameter.  They 
are  mostly  greenish  in  color  and  are  not  very  sharply  outlined,  as 
is  Bhown  by  No.  621A.  No.  62IB  is  from  an  irregularly  but  sharply 
outlined  piece  ten  inches  across.  No.  621C  is  from  an  obltmg 
piece,  ten  by  five  inches  in  area;  aionnd  this  piece  there  is  distinot 
evidence  of  flowage,  as  is  shown  by  the  arrangement  of  the  porphy- 
ritic  feldspara. 

Jnst  south  of  the  corner  of  the  bay  in  the  S.  E.  ^  of  S.  W.  ^  sec 
36,  T.  65-7,  is  a  lai^e  ridge  of  pyroxene  granite,  spoken  of  before. 
(See  No.  579  and  accompanying  description. )  The  eastern  end  of 
this  ndge  is  made  of  a  fine  grained,  fiesh-oolored  rook  ( No.  622  ),  a 
condition  of  the  slates  of  the  region,  but  no  structural  planes  can 
be  seen  in  it.  This  is  in  contact  with  the  granite;  the  line  between 
the  two  could  not  be  clearly  seen,  bat  it  seemed  to  run  about  vert- 
ical. No.  623  is  the  graoite  about  thirty  feet  from  the  oontaot 
JSo.  624  is  the  same  at  the  contact,  and  No.  625  shows  the  slate  at 
the  contact.  The  last  two  specimens  were  taken  within  an  inch  of 
each  other.  This  slate  oontinues  eastward  and  northeastward  for 
abont  two  hundred  yards;  it  varies  somewhat,  as  shown  by  Nos. 
626  and  627,  The  relation  between  this  rock  and  the  dark,  hard 
slates  on  the  shore  just  north  of  this  could  not  be  determined. 

In  the  N.  E.  i  of  N.  E.  J  sec.  36,  T.  65-7,  where  the  granite  por- 
phyry overlies  the  greenstone,*  two  specimens  of  the  former  were 
collected.  No.  628  is  fine  grained  and  was  taken  just  at  the  con- 
tact of  the  two  rocks;  No.  629  is  coarser  grained,  taken  fifty  feet 
from  the  contact  Careful  search  was  made  for  some  general  direc- 
tion of  the  long  axes  of  the  porphyritic  feldspars,  but  their  direc  - 
tions  varied  much;  however,  there  were  more  places  in  which  they 
ran  about  east  and  west  than  where  they  ran  in  other  directions. 

■Jhls  place  hna  beoii  deEcrlbed  and  fl);ured  In  the  ISth  (1886)  Anniial  Report,  pp. 
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South  from  Kekequabic  lake  in  sec.  31,  T.  65-6,  and  sees.  6  and  7, 
T.  64-6. 

A  trip  was  made  Boath  from  the  lake  through  the  S.  E.  ^  of  sec. 
31,  and  through  the  E.  ^  of  eeo.  6  to  the  little  poDd  on  the  south 
line  of  this  section  east  of  the  qaarter  post  From  this  pood  I 
vent  through  sec.  7  to  the  lake  which  lies  iu  the  S.  ^  of  this  eection 
andthe  N.  ^  of  sec.  18.  The  deaoriptioa  will  begin  at  Eekeqaabic 
lake  and  go  soathward  orer  the  high  hill  in  the  N.  E.  ^  of  sec.  6  to 
the  lake  jnst  mentioned. 

At  the  shore,  in  the  S.  W.  ^  N.  E.  ^  sec.  31,  the  conglomerate, 
ahead;  described  under  Noe.  593,  59i  and  595,  is  seen;  this  oon- 
tinnee  southward  tor  at  least  an  eighth  of  a  mile.  The  pebbles 
become  less  numerous,  bat  no  leas  sharply  outlined,  on  going  away 
bom  the  lake,  and  the  rock  becomes  more  coarsely  crystalline  and 
holds  more  of  the  apparently  porphyritic  white  feldspars, — No.  630. 
No  evidence  of  bedding  was  seen  in  this  oon^omerate.  Beyond 
this  and  within  fifty  yards  of  the  last  exposure  of  conglomerate 
there  are  outcrops  of  slate.  This  slate  varies  from  a  dark  almost 
black  argillyte  to  one  that  is  quite  light  gray.  The  lamination  of 
the  slate  was  twisted  in  some  places,  bat  as  a  rule  this  coincided 
with  tiie  slafy  cleavage.  The  dip  and  strike  were  taken  in  many 
I^soea  before  reaching  the  top  of  the  large  hill,  whose  summit  lies 
in  the  N.  E.  i  of  sec,  6;  the  dip  was  vertical  and  the  strike  varied 
From  N.  35°  E.  to  N.  65°  E.  The  slate  was  intimately  interbedded 
with  a  dark  gray  to  greenish  grit,  but  the  lines  between  the  two 
locks  were  quite  distinct  The  bands  of  each  varied  from  those  a 
Eonrth  of  an  inch  across  to  those  that  were  fifty  feet  or  more  in 
width.  The  grit  held  angular  fragments  of  the  slate  and  bands  of 
Qie  altite  that  were  abruptly  cut  off;  there  were  also  places  where 
bands  of  the  slate  were  faulted  and  the  grit  existed  l}etwe«m  the 
United  and  broken  ends  of  the  slate  bands.  This  grit  makes  up 
■boat  half  of  the  exposures  to  the  hill  top,  bat  no  exposure  was 
composed  entirely  of  this  or  of  the  slate  alone.  No.  631  is  the 
blat^  slate;  No.  632  the  grit,  and  Na  633  shows,  as  well  as  a  hand 
Bpeeimen  can,  the  intimate  interbanding  of  the  two.  At  the  top  of 
the  high  hill  the  grit  is  coarser  grained  than  usual,  as  is  shown  by 
No.  634.  The  strike  continues  to  be  northeasterly  until  coming' 
into  the  8.  B.  i  sea  6,  where  it  changes  to  N.  20°  E.,  and  a  short 
distance  farther  math  to  direct  north  and  south ;  the  dip  still  re- 
iQune  vertical.  This  north  and  sonth  strike  continues  to  the  pond 
which  lies  on  the  south  line  of  seotion  6  east  of  the  quarter  post 
Na  635  shows  another  oondition  of  the  grit  resembling  graywaoke 
from  JQst  north  of  this  pond.    In  this  there  is  seen  indistinct  1am- 
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inatioD,  bat  the  other  BpeoimenB  of  the  rook  do  not  shovr  it;  tiie 
rook  (grit)  eleewhere  appetiTB  perfectly  m&saiTe  except  for  its  in- 
terbandiDg  with  the  Blates.  South  of  this. pond  the  strike  a|pun 
BwingB  roncd  to  northeast  and  the  dip  remaioB  vertioal. 

Aboat  a  qaarter  of  a  mile  soath  of  this  pond  is  an  ontorop  of  a 
porpbyritic  rook  which  ie  probably  the  same  aa  the  granite  por- 
phyry of  Rekeqoabio  lake.  Aboat  eeTenty-five  feet  of  this  rock 
was  exposed,  the  Blates  occarriug  both  norUi  and  soath  of  it  within 
lesa  than  a  haodred  feet  The  por[.hyry  is  nombered  636.  The 
weathered  sarf  aoea  of  it  show  a  rough  Bohiatoae  Btraotare  which  ranB 
N.  85°  E.  and  staude  vertical;  however,  this  atractore  ia  not  seea 
OD-  freshly  broken  sarfaceB.  The  feldapar  cryetala  are  often  ar- 
ranged with  their  long  axes  parallel  to  the  direction  of  the  Bohistoe- 
ity.  The  northeast  strike  of  the  alate  and  grit  oontinaes  as  far  as 
they  were  seen, — i.  e.  almost  to  the  lake  which  lies  in  the  8.  ^  of 
BBC.  7  and  the  N.  ^  of  sec  18.  We  atrack  this  lake  aboat  the  cen- 
tre of  its  north  shore  in  the  8.  E.  ^  S.  W.  ^  sec.  7.  A  short  dis- 
tance before  reaching  this  lake  the  sUte  disappears  and  the  grit, 
similar  to  Nob.  63'ii  and  635,  both  of  which  facies  here  often  show 
fine  lamination  on  weathered  sarfaces,  becomes  in  places  oonglom- 
eritio  and  harder  (No.  637).  The  pebbles  are  mostly  roonded, 
some  few  are  sobaagalar,  and  they  are  chiefly  of  slate  and  a  red* 
dish  granite  porphyry,  a  pebble  of  which  ia  shown  in  the  specimen 
collected.  This  conglomerate  shows  no  signs  of  laminatiOD  or 
schistosity.  A  short  distanoe  further  soath  and  almost  at  tbe  lake 
shore  is  a  more  orystalline  conglomerate  holding  pebbles  of  tbe 
same  or  similar  reddish  granite  porphyry,  and  also  of  a  fine  grsioed 
red  granite  or  syenite  which  resembles  the  pyroxene  granite  already 
mentioned  ao  often.  This  conglomerate  ia  shown  by  No.  638.  In 
this  rock,  and  also  in  No.  637,  the  pebbles  varied  from  qaite  small 
ones  ap  to  those  eight  inches  in  diameter,  bat  most  of  them  were 
one  to  three  inches  across.  In  Bome  places  the  pebbles  were  qoite 
nomerous  and  in  others  there  were  bat  a  few  to  be  seen.  No  def- 
inite arrangement  of  the  pebbles  in  planes  nor  any  elongation  of 
them  in  one  direction  was  seen. 

The  eastern  half  of  the  north  shore  of  this  lake  (lying  in  the  S. 
i  of  sec.  7  and  N.  }  sea  18)  haa  some  outcrops  of  the  oonglomerate 
represented  by  No.  638.  On  the  east  ehore  of  this  lake  there  are 
no  outcrops  until  coming  nearly  to  the  south  line  of  sec.  7.  A  short 
distance  north  of  this  line  the  ordinary  gabbro  of  the  region  is  seen. 
It  is  Bomewhat  finer  grained  here  than  is  nsnal,  as  is  shown  by  No. 
639.  On  going  soath  along  the  shore  a  little  farther  the  gabbro 
becomes  coarser,  similar  to  tbe  osual  ooarse  grained  gabbro  of  the 
Mesabi  range.  1'~,a,^aiiI,> 
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Ths  object  of  this  trip  Bouth  from  Kekeqnabic  lake  was  to  find 
bow  far  eoath  the  conglomerate,  deacribed  under  Noa.  693, 694  and 
596,  extended,  and  to  look  for  an  eastern  extenaion  of  the  pyroxene 
granite  which  is  seen  in  the  E.  ^  of  aeo.  8,  T.  64-7.  Hoirever,  no 
granite  nor  any  baoe  of  it  was  seen.  Nnmeroas  expoaarea  of  rook 
ware  seen,  and  there  was  probably  no  diatonce  of  a  handred  yards 
where  oatorops  were  wanting,  until  jast  before  coming  to  the  amall 
Uke  mentioned  above.  And  here  there  were  not  enongh  exposuxes 
to  satisfactorily  trace  the  conglomerate  repreaented  by  No.  637  into 
that  repreaented  by  No.  638.  Still  everything,  except  the  more 
erystalline  condition  of  Mo.  638,  seems  to  point  to  their  identity. 
The  high  hill  passed  orer  just  soath  of  Kekeqaabic  lake  seema  to 
be  at  least  360  feet  above  the  lake.  This  was  thought  to  be  the  case 
on  comparing  it  with  Mailman's  peak,  which  ia  260  feet  above  the 
lake.* 

Small  lake  in  ihe  S.  E.  J  of  see.  36,  T.  65-7. 

On  the  hill  jnst  north  of  the  east  end  of  this  lake  is  a  fine  grained 
diabaaio  rock  (No.  681).  In  places  this  is  maseiTe  and  again  slaty. 
The  sfarike  of  the  slaty  atmotnre  is  M.  80°  W.,  and  the  dip  is  to- 
wards the  north  66°  to  70°.  Toward  the  base  of  this  hill  ib  a  gray 
porphyritio  rock  with  indistinct  whits  feldspars  in  it  (No.  685). 
This  was  seen  in  contact  with  the  diabase  rook  and  is  foand  boUi 
ohove  and  below  it,  bnt  the  exact  contact  was  seen  in  bnt  one  place 
where  the  two  rocks  were  separated  by  a  sharp  line.  Farther  np  on 
the  hill  the  porphyry  is  represented  by  No,  586,  which  mnch  re- 
aemblee  the  pyroxene  granite  found  a  mile  to  the  west  There 
were  some  apparently  intermediate  stages  between  Nos.  586  and 
585,  bnt  no  oontinaoos  expoenres  connected  them.  No.  687  repre- 
sents another  facies  seen  in  contact  with  the  slaty  diabase  (No. 
S84);  this  was  apparently  a  stringer  of  the  porphyry  in  the  dia^ 
iMse.  The  same  porphyry  is  again  seen  in  a  hill  north  of  the  cen- 
tre of  the  lake  and  is  ia  sharp  contact  with  the  slaty  diabase.  The 
latter  is  confined  mostly  to  the  opper  part  of  the  hill  while  the  por- 
phyry ooonrs  near  the  water.  Na  688  represents  this  porphyry 
from  the  north  side  of  the  lake. 

At  the  northwest  corner  of  the  lake  black  argillytes  are  seen. 
They  show  no  distinct  bedding.  On  the  west  side  of  the  lake  near 
the  north  end  is  an  exposnre  of  the  fine  grained  pyroxene  granite 
(No.  589).  And  a  short  distance  farther  soath  is  a  bill  whose  base  ia 
made  tA.  the  same  granite,  bnt  of  somewhat  ooaraer  groin  (No.  690). 
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There  is  only  one  outcrop  on  the  eoath  Bide  of  the  lake;  this  ie  a 
fine  grained  granite  porphyry  (Xo.  591)  similar  to  that  dosoribed 
from  Kekaqaabia  lake  as  pyroxene  granite  porphyry.  I  looked 
oarefolly  for  a  definite  arrangement  of  the  feldspar  crystals  here, 
bat  none  conid  be  seen.  Those,  however,  as  seen  in  many  plaoea 
on  Kekeqnabic  lake,  seemed  to  show  evidence  of  a  fiowage  in  the 
rock  before  solidifying.  On  the  east  shore  of  the  lake  is  a  por- 
phyry similar  to  No.  588.  Here  are  a  few  irregnlarly  shaped  in- 
clusions in  the  porphyry;  Mo.  592  is  from  one  of  these.  No  rock 
intermediate  between  Kos.  588  and  691  was  seen. 

East  of  Kekequabic  lake  in  sees.  28  and  29,  T.  65-6. 

A  portage  rans  eastward  from  the  most  easterly  point  of  Eeke- 
qoabic  lake  to  a  small  lake  in  the  W.  i^  of  S.  W.^  sec  28.  On  this 
portage  the  hard  black  and  gray  argillytes,  fotmd  jnst  to  the  west, 
are  also  seen.  The  strike  and  dip  were  taken  in  one  place;  the 
former  wae  N.  20°  E.  and  the  latter  about  vertical.  On  the  east 
end  of  the  portage  is  an  aphanitic  dark  gray  rook  holding  white 
feldspar  crystals  (No.  640);  it  also  holds  a  tew  roonded  pebbte- 
like  forms  of  rock  similar  to  itself.  On  this  port^e  and  a  short 
distance  from  the  shore  of  the  small  lake  this  rock  becomes  softer 
and  Bohistoee  and  is  not  so  distinctly  porphyritic, — No.  641.  It 
holds  many  rounded  and  subangular  pebbles  of  fine  grained  gran- 
ite, gray  argillyte  and  a  rock  similar  to  No.  640.  These  pebbles 
present  all  the  appearances  of  being  water-worn  and  rounded;  they 
are  in  places  arranged  in  rough  planes  that  ran  N.  25°  £.  and 
stand  vertical.  On  the  east  side  of  the  lake  is  an  exposure  of  roek 
similar  to  No.  540,  and  on  the  same  side  nearer  the  north  end  is  s 
large  exposure  of  a  peculiar  gray  granitic  rook  holding  many  small 
feldspars  (Na  642).  This  is  probably  a  metamorphosed  grit. 
Back  from  the  shore  a  tittle  ways  this  rock  becomes  finer  grained 
and  darker  in  color,  and  is  seen  in  sharp  oontaot  with  a  fine  grained 
diabase  (Ko.  643),  which  is  probably  in  the  form  of  a  dyke.  No. 
644  shows  this  granitic  rook  at  the  oontaot,  but  this  may  be  part  of 
the  rook  similar  to  No.  641.  North  of  this  and  extending  to  the 
portage  is  rook  similar  to  No.  641;  it  is  decidedly  conglomeritic 
I  noticed  a  few  scattered  greenish  inclusions  or  pebblee  in  No.  642. 

From  this  lake  is  a  portage  running  north  for  about  fif^  yards 
to  another  small  lake.  According  to  the  plat  this  ought  to  be  Zeta 
lake,  but  very  probably  the  bay  that  is  represented  st  the  south- 
west corner  of  Zeta  l^e  is  separate  from  that  lake.  On  the  port- 
age from  this  small  lake  to  Zeta  lake  the  argillaceous  slates  again 
occur;  they  here  strike  N.  20°  E.  and  dip  80°  to  85°  towards  S. 
20°  E.  r^A/Anl.^ 
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The  work  on  this  area  was  coDfioed  moaUy  to  its  sonthweetem 
and  weBtom  borders.  The  limkB  of  the  granite  were  traced  pretty 
scourately  from  the  east  side  of  seo.  15,  T.  65-5,  weat  and  north- 
west to  the  E.  J  of  secL  24,  T.  66-6,  where  the  western  line  of  the 
gnnite  oioasefl  the  international  boundary. 

West  Sea  Gull  lake. 

The  southwest  corner  of  the  point  that  is  orowed  by  the  soath 
line  of  see.  8,  T.  65-5,  is  composed  of  a  coarse  grained  gray  gran- 
ite (No.  646).  Jnst  east  of  this  the  rook  is  mnch  decayed  and  very 
sofaistoae,  as  shown  by  No.  64€.  This  is  ondoabtedly  only  a  de- 
cayed portion  of  the  granite,  and  tjie  two  are  not  separated  by  any 
line.  East  of  this  the  granite,  like  No.  645,  is  again  seen,  and  it 
also  oatorope  on  the  north  side  of  a  little  island  jast  soath  of  this 
point  There  are  no  outcrops  at  the  end  of  the  little  bay  in  the 
N.  W.  i  of  N.  E.  ^  sec.  17,  bat  a  short  distance  to  the  east  are 
roonded  knolls  of  granite.  Here  the  rook  is  darker  colored  and 
carries  less  qaartz  than  most  of  the  granite  on  the  lake;  this  facies 
is  shown  by  No.  647.  On  the  Boath  shore  of  this  bay  and  near  its 
eastern  end  ia  a  low  ontcrop  of  the  ordinary  granite,  and  a  short 
distance  to  the  west  are  large,  bare,  roanded  domes  of  a  dark  green 
slaty  rook  which  appears  msBsire  in  places.  At  the  water's  edge 
the  granite  was  seen  in  ooBtaot  with  the  slaty  rock,  and  it  also  held 
angalar  fr^pnents  of  the  same.  The  gruiite  at  the  oontaot  was 
ooorse  grained  and  similar  to  No.  646.  The  green  slaty  rook  is 
represented  by  Na  648.  The  roonded  domes  of  the  green  slate  are 
oat  by  nnmeroos  branching  veins  or  dykes  of  granite,  which  is 
ooarae  grained  and  similar  to  No.  645;  it  ia  shown  by  No.  649. 
These  veins  are  of  all  sizes  ap  to  those  twenty  feet  in  width;  the 
todee  of  them  are  not  finer  grained  than  the  centres.  A  second  set 
of  gpranite  veins,  few  in  nomber,  also  cat  the  green  rock  and  the 
coarse  granite  veins;  this  second  series  is  oomposedof  a  fine  grained 
reddish  granite  (Na  650),  and  these  veins  ore  of  finer  grain  near 
their  edges  than  at  the  centre.  This  same  rook  was  seen  catting 
the  ordinary  granite  on  the  north  side  of  the  bay.  On  the  west 
■here  of  the  bay  in  the  N.  E.  ^  of  N.  W.  ^  sec.  17,  is  a  massive 
aphanitio  greenstone  (No.  661).  On  going  north  along  this  shore 
this  rook  seems  to  pass  into  a  masaive  diabasio  rook,  which  comes 
in  oontaot  with  the  granite,  which  holds  pieces  of  the  diabase  and 
sends  sfaringers  into  it.  No.  65i2  is  the  dialwse  from  the  granite 
coutact     Granite  ooonrs  in  a  few  oatcrops  along  the  shore  in  the 
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N.  W.  ^  of  the  last  meutioQed  ^  seotioD,  bat  before  comiDg  to  the 
north  line  of  eea  17  the  sphanitifl  greeDstoue  again  appears.  This 
is  seen  where  this  section  line  cots  the  shore,  and  also  in  several 
places  in  the  S.  W.  i  of  S.  W  i  see.  8,  T.  65-5.  It  varies  from  a 
rock  like  No.  651  to  one  that  is  harder  and  gray  to  greenish  in  color 
and  resembles  a  very  compact  and  fine  grained  graywaoke  (No. 
663).  Granite  is  again  seen  on  the  blunt  point  which  is  tonobed 
by  the  west  line  of  sec.  8  soath  of  the  quarter  post. 

On  the  shore  in  the  N.  W.  i  N.  W.  i  S.  W.  J  sec.  8,  T.  65-6,  and 
also  at  the  west  side  of  the  same  ^  section,  where  the  west  line  of 
the  section  crosses  the  shore,  are  outcrops  of  oonglomerate.  The 
matrix  of  the  conglomerate  is  gray  to  greenish  in  color,  quite  coarse 
and  full  of  quartz  grains.  In  this  matrix  are  many  pebbles,  among 
which  red  jaspilyte  is  conspicuous.  No.  654  shows  this  conglom- 
erate. It  is  part  of  the  Ogishke  conglomerate  which  is  seen  in  eo 
extensive  development  to  the  southwest  on  Ogishke  Munoie  lake. 
There  is  nothing  at  this  place  to  definitely  show  the  dip  and  strike' 
This  conglomerate  rises  in  a  ridge  just  west  of  the  shore,  and  in 
places  the  matrix  is  entirely  free  from  pebbles  and  quite  schistoae. 
This  schistose  structure  mns  N.  35°  E.  and  stands  vertical.  A 
short  distance  further  west,  bat  separated  from  the  oonglomerate 
by  low  ground  where  there  are  no  exposures,  is  a  ridge  of  granite 
running  northeast  and  southwest.  This  granite  does  not  differ  m&- 
terially  from  that  found  at  the  lake  shore;  it  is  represented  by  No. 
655.  This  granite  ridge  is  aboat  100  feet  wide;  beyond  it  the  con- 
glomerate i^ain  appears  and  extends  westward  for  at  least  a  qoarter 
of  s  mile  from  the  lake.  Beyond  this  is  low  ground  with  no  expos- 
area.  On  this  last  ridge  the  granite  and  conglomerate  are  seen  in 
contact  The  granite  runs  in  bands  in  the  oonglomerate,  tbua  giv- 
ing the  appearance  of  "  interbedded "  granite  and  conglomerate. 
These  bands  of  granite  vary  from  one  to  thirty  feet  in  width,  and 
about  a  dozen  of  them  were  seen.  The  contact  lines  between  the 
granite  and  conglomerate  are  distinct,  bat  rather  irregular;  how- 
ever, they  do  not  ran  across  the  strike  of  the  oonglomerate  for  more 
than  six  inches  at  a  time.  In  some  places  it  is  rather  difficult  to 
tell  which  rock  is  under  foot,  but  when  ttie  two  rooks  are  seen  to- 
gether they  are  easily  distinguished.  The  granite  does  not  vary  in 
grain,  especially  at  the  contact,  but  is  of  a  uniformly  coarse  grain. 
No.  656  shows  the  conglomerate  at  the  contact,  and  No.  657  is  the 
granite  from  the  same  place.  No.  667A  is  the  granite  four  feet 
from  the  contact.  Na  658  ebows  a  more  crystalline  condition  of 
the  oonglomerate  matrix.  Interbedded  with  the  oonglomerate  is  a 
■mall  amount  of  argillaoeona  elate.  'The  matrix  varies  from  that 
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shon  by  If  a  664  to  a  fine  greiaed  green  Csoies  shown  by  No.  669. 
Baada  of  the  matrix  free  from  pebbles  are  oommoa,  uid  in  aiiok 
own  the  roiA  u  oooHiosally  laminated.  The  strike  at  a  place 
100  yards  east  of  the  granite  bands  is  N.  10°  E.,  bat  near  these 
bands  ii  Tarias  from  N.  10°  W.  to  exact  N.  and  8.;  the  dip  in  all 
sMeaia  vcrtiaaL 

The  granit»  is  again  seen  on  the  nortiieBatem  aide  of  the  roiud 
ptnnt  in  tite  a  W.  i  of  S.  W.  i  ol  N.  W.  i  aeo.  6.  and  also  ob  the 
point  jaat  eaat  of  this.  At  Uie  soothwaat  oomer  of  the  bay,  which 
rone  into  the  B.  E  ^  of  K.  E.  \  see.  7,  is  a  green  .roek  mmilar  to 
Ka  651;  it  is  oat  by  the  granite  and  ia  also  seen  in  sharp  eontaet 
niA  a  fine  grained  purplish  porphyritio  rook,  whieh  seems  to  be  in 
the  torm  of  a  dyke,  although  this  oonld  not  be  deflnitdy  seen. 
This  porphyritio  rot^  is  the  same  as  Noe.  660  and  661.  On  the 
northwest  ahwe  of  this  b^  ia  a  ridge  of  granite.  Granite  ia  also 
taea  in  aOTeral  plaoea  on  the  north  ahore  of  the  bay,  and  in  (»» 
place  is  in  oontaot  with  a  parpliah  rook,  which  ia  much  decayed 
and  reaemblea  a  porphyrite.  The  line  between  thia  rook  and  the 
granite  ia  rery  distinct,  and  the  former  seems  to  cat  the  latter  in 
the  latm  of  a  dyke.  The  granite  is  anohanged  at  the  contact,  bat 
the  oth«r  roek  here  seems  to  be  finer  grained  than  oaoaL  Na  660 
shows  thia  porphyrite  ( ?)  from  the  contact  and  No.  661  ia  the  sama 
taranty  feet  from  Uie  granite. 

Along  the  west  ahore  of  the  lake  the  granite  ia  aaen  in  aeveral 
onkoops  in  the  N.  £.  i  of  N.  W.  ^  aec.  8  and  &  W.  i  sea.  5.  Near 
the  and  of  the  point  in  the  N.  £.  ^  S.  W.  ^  sec.  8  is  a  diabase  dyke 
in  the  granita  Thia  dyke  ia  also  seen  in  the  bay  on  the  west  of 
this  point  No.  662  r^tresenta  the  diabase  of  this  dyke;  it  ia  finer 
grained  near  tixe  et^e.  The  same  dyke  is  also  seen  ou  the  west 
and  east  sides  of  the  end  of  the  pc»nt  is  the  N.  ^  of  S.  £.  J  aeo.  5. 
It  has  am  east  and  west  direction  and  Ysnea  from  thirty  to  forty 
feet  in  width.  On  going  weat  from  the  aonthwest  aide  of  the  bay 
in  the  N.  W.  ^  S.  W.  i  see.  6  the  aama  dyke  is  again  seen  in  con- 
tut  with  the  granite^  and  both  rooka  fcurm  a  ridge  that  rone  west 
tiun  tka  lake  for  an  eighth  of  a  mite.  Beyond  this  (west)  is  a 
swamp  with  no  expoanrea,  and  then  not  lees  than  a  quu^r  oi  a 
mile  from  the  lake  ia  a  ridge  ranning  uortheaat  and  soathwest. 
Thia  ridge  is  made  of  a  fine  grained  laminated  alate  (No.  66S), 
which  varies  from  a  gray  to  a  green  argillyte.  The  lamination  and 
Aaty  atroobive  ooiaoide  and  strike  N.  16°  £.  and  stand  vertioal. 
9oath  of  this  ridge  a  few  rods  is  another  eomposad  of  a  green  to 
gr^  grit  (Na  $61),  which  is  like  the  matrix  of  the  oonglomerate 
6k 
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above  deeoribed — Nos.  664  and  669.  No  pebbles  are  visible  in  this 
rook,  nor  is  there  any  lamination,  bat  in  it  are  a  few  narrow  bands 
of  slate  Bimilar  to  Ko.  663.  These  stand  vertioal  and  strite 
N.  30"  E. 

The  granite  is  seen  in  several  oatorops  on  the  shorea  of  the  bay 
in  the  oentre  o£  the  N.  (  sea  5,  and  also  on  the  point  on  the  east 
side  of  this  bay.  The  east  shore  of  the  point  in  the  B.  E.  ^  8.  £.  1 
see.  8  was  also  examined  and  foond  to  be  composed  of  granite. 

The  granite  of  West  Sea  Qnll  lake  varies  considerably  in  grain 
and  also  in  the  .amonnt  of  chlorite  or  hornblende  present  The 
fresh  rock  is  a  hornblende  granite,  bot  in  many  places  this  has 
been  oompletely  changed  to  oblorite.  There  seem  to  be  two  feld- 
spars present, — a  yellow  and  a  pink  ona  Na  676  is  as  fresh  as  any 
of  the  granite  of  this  lake  and  may  bs  taken  as  a  typical  example 
of  it.  This  specimen  was  taken  from  the  east  side  of  an  island  in 
the  S.  W.  jt  S.  E.  1  sec.  8. 

Small  lake  in  ike  N.  W.  \  ofN.  W.  J  of  eec  8,  T.  6S-5. 

This  lake  is  not  shown  on  the  government  plat  On  the  east  and 
north  shores  of  the  lake  no  rock  exposnres  were  seen.  On  the  west 
shore  near  the  north  end  is  a  ridRe  composed  of  the  Ogishke  oon* 
glomerate  similar  in  every  respect  to  that  described  from  West  Sea 
Ooll  l&ke  in  this  same  section.  The  conglomerate  was  traced  west 
over  the  ridge  for  a  short  distance;  the  pebbles  became  fewer  in 
number  and  the  rock  in  places  was  slaty,  almost  exactly  like  Na 
663.  At  one  place  the  slaty  rock  was  cmmpled  as  if  it  had  been 
pressed  in  a  direction  parallel  to  the  strike;  this  vas  seen  for  only 
s  short  distance.  In  places  the  matrix  showed  a  lamination  and 
again  it  was  broken  into  long  flags.  The  lamination,  the  long 
direction  of  the  flags  and  the  banding  and  slaty  cleavage  of  the 
slaty  areas  were  all  parallel  and  stood  vertdcal;  the  dip  was 
N.  IS"  E. 

On  the  west  side  of  the  lake  near  the  soath  end  the  granite  is 
seen  at  the  shore.  It  is  ohloritic  and  holds  large  quartz  grains  and 
reddish  feldspars, — No.  665.  The  conglomerate  is  seen  not  more 
than  on  eighth  of  a  mile  west  of  the  shore,  but  the  janotion  of  it 
And  the  granite  was  not  foond.  What  is  said  aboat  the  conglom- 
erate in  the  last  paragraph  will  apply  eqaally  well  here,  except 
that  the  strike  is  N.  20°  E.  Back  from  the  shore  the  granite  be- 
comes schistose  is  places;  this  schistose  straotore  stands  vertioal 
and  strikes  N.  20°  E.  Here  the  rook  is  similar  to  Nu.  665,  except;- 
ing  for  this  schistosity.  A  little  farther*  west  the  granite  has 
ohauged  to  a  yellow  rock  holding  large  qnarts  grains, — No.  666. 
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This  and  the  coDglomerate  were  Beparated  by  Beverftl  yardB  of  soil 
where  there  wbs  bat  one  expoBore.  Thie  exposure  ia  withm  twenty 
feet  of  the  oonglomerate;  the  rook  is  shown  by  No.  667,  which  ap- 
pean  to  be  a  more  decayed  part  of  the  granite.  On  the  west  side 
of  this  exposnre  there  eeems  to  be,  althongh  this  ooold  not  be  dis- 
tinctly made  oat,  an  interbanding  of  rock  similar  to  Na  667  and  a 
rock  similar  to  this,  but  finer  grained  and  greener.  It  is,  however, 
possible  that  this  last  is  but  a  lees  weathered  condition  of  the 
former,  and  that  they  are  both  decayed  oonditionB  oE  the  granite. 
The  two  rocks  (if  there  are  two)  are  shown  by  Ko.  668.  Twenty 
feet  wrat  of  this  is  the  oonglomerate  with  the  matrix  like  No.  664. 
No  other  rook  expoenrea  oconr  on  thie  lake,  but  between  He 
Bontheast  corner  and  West  Hen.  Gull  lake  is  a  knoU  of  the  ordinary 


Small  lake  m  ike  S.\ofN.W.i  of  sec.  16,  T.  65-5. 

From  the  foot  of  the  bay  of  Wrat  Sea  Gull  lake,  in  which  are  the 
comers  of  sees.  8,  9,  16  and  17,  a  portf^  leads  sontfa  to  this  small 
lake.  The  ordinary  granite  iB  Been  in  two  or  three  places  on  and 
near  this  portc^  trail.  Granite  also  occurs  where  the  west  line  of 
Bee.  16  cntB  the  north  shore  of  the  little  bay  that  projects  into  the 
S.  E.  ^  N.  E.  ^  sec.  17,  and  also  a  short  distance  on  either  eid^of 
this  line.  On  the  west  side  of  this  little  bay  is  a  roonded  hill,  the 
Dorthem  part  of  which  is  composed  of  granite  and  the  southern 
part  of  a  hardened  mioarsohist  (No.  669),  which  in  places  looks 
slmoet  like  a  fine  diabase.  The  granite  is  in  sharp  contact  with 
tbia  rook  and  cnts  it  with  many  vein-like  forms.  These  veins  are 
like  the  granite  elsewhere  and  differ  only  in  being  finer  grained  in 
plaoee.  The  whole  exposure  much  resembles  that  seen  in  the 
N.  W.  i  N.  E.  i  sec  17,  West  Sea  Gull  lake,  and  described  under 
Nos.  647  to  650. 

Back  from  the  shore  at  the  southwest  corner  of  this  little  bay  the 
same  hardened  mioa-scluBt  is  seen,  and  it  ocours  again  within  a  few 
feet  of  where  the  west  line  of  sec  16  outa  the  south  shore  of  this 
bay.  Continuing  along  the  southwestern  shore  of  the  lake  more  of 
the  hardened  mioa-sohist  is  seen;  it  varies  to  a  green  slaty  rock 
and  also  to  a  green  silioeouB  eobist  (No.  670).  These  were  all  cut 
by  granite  veins.  On  the  south  shore  near  the  east  end  ot  the  lake 
the  granite  is  seen  in  a  large  outcrop.  No  outcrops  were  seen  on 
the  north  shore  of  this  lake  excepting  on  the  little  point  in  the  cen- 
tre of  the  N.  i  S.  W.  i  N.  W.  \  sec.  16,  and  on  the  small  isUnd  just 
oS  thie  point;  here  the  rock  was  granite. 
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A  smftll  tttream  flows  from  thia  lake  east  to  S«a  Gall  lake,  in  the 
8.  E.  ^  N.  W.  1  aeo.  16,  and  just  soath  of  the  stream  is  a  short  port- 
age between  the  two  lakes.  Granite  ocooni  a  few  feet  south  of 
this  portage. 

Sea  QuU  lake. 

The  western  shore  of  this  lake,  in  see.  16,  T.  65-6,  was  ralber 
oaretolly  examined.  There  were  many  ezpoenree,  bnt  these  were 
all  granite  except  on  the  sooth  side  of  the  bay  in  the  N.  E.  ^  8.  E. 
J  sec.  16,  and  on  the  shore  in  the  S.  E.  ^  S.  E.  ^  sec.  16.  Here 
were  ooterops  of  the  same  hardened  mioa-sohist,  Tarying  to  a  green 
slaty  rook,  as  described  above.    (Oompare  Noa.  669  and  670. ) 

Where  the  east  line  of  sec.  16  cute  the  soath  shore  the  granite  is 
seen;  here  it  is  chloritio,  rather  decayed  and  somewhat  schistoee, 
— No.  671.  Back  from  the  shore  a  few  rods  and  jost  west  of  the 
section  line  is  a  ridge  of  fine  grained  mioa-sofaist,  varying  to  chlo- 
ritio schist.  Farther  soath  and  on  the  north  side  of  the  east  and 
west  ridge,  on  which  is  the  sontheastern  comer  of  sec.  16,  is  a 
small  amoont  of  fine  grained  granite  (Mo.  672),  probably  a  stringer 
from  the  main  granite  mass.  The  soath  side  of  thia  ridge  is  made 
op  of  a  greenish  mica-schist  (No.  678);  here  the  strike  of  the 
schistose  structore  is  N.  70°  W.  and  the  dip  is  vertical.  A  short 
distance  farther  soath  is  another  ridge  of  the  same  rook.  No  lam- 
ination was  seen  in  this  schist;  it  varies  hom  a  fine  mica-sob ist, 
like  Mo.  673,  to  rook  similar  to  Noe.  661  and  67a  On  this  last 
ridge  is  a  small  amount  of  a  gray  qnarts  porphyry  in  the  Bobists; 
this  appeared  like  a  band  ranning  parallel  with  the  sohists; — No. 
674. 

Bed  Bock  take. 

The  oatcrops  on  the  west  end  of  the  bay  that  projects  into  the 
K.  E  i  M.  E.  1  sec.  5,  T.  66-6,  are  all  granite.  The  bay  which  lies 
in  the  E.  i  N.  E.  1  sec.  32  and  W.  i  M.  W.  i  see.  38,  T.  66-6,  was 
examined.     Here  there  are  several  oatcrOps  of  the  ordinary  granite. 

On  going  north  from  West  Sea  Gall  lake  the  granite  becomes 
ooeraer  in  grain  and  more  pink  in  oolor;  it  is  bornblendio  rather 
than  chloritio.  The  qaartz  grains  are  especially  large, — commonly 
a  qoarter  of  an  inch  across  and  sometimes  as  mach  as  half  an  inch. 
Freqaeatly  one-third  of  the  rock  is  made  ap  of  these  large  qaartz 
grains. 

Saganaga  lake. 

The  coarse  grained  granite  of  Bed  Bock  lake  is  foand  also  on 
Saganaga  lake.  No.  686  from  the  point  in  the  8.  W.  i  N.  E.  i  eeo. 
: : ,  T.  66-6,  fairly  represents  the  granite  of  the  main  part  of  8ag- 

DigitizedbyCOOglC 


ST1.TB  QEOLOOI8T.  89 

ausgs  Uk&  It  U  of  decidedly  ooarse  ^aiii  and  of  a  pinkieli  color. 
The  lai^  irregnlsr  areas  of  quartz  are  very  noticeable.  The  feld- 
spar ifl  pinkiafa  and  aometimea  yellowiah.  HoniblBiide  ia  preseot 
Id  omnderable  amoant  and  ia  more  or  less  ohanged  to  chlorite. 

On  the  east  end  of  a  long  island  vhioh  liea  joat  south  of  the 
point  in  the  S.  W.  ^  N.  E.  ^  sec  22,  T.  66-5,  ia  a  a  diabase  dyke  in 
the  granite.  Thie  dyke  is  ten  feet  in  width  and  has  a  north  aad 
aoatb  direction. 

The  island  vhioh  Ilea  mostly  in  the  8.  K  ^  N.  W.  i  aee.  14,  T. 
66-6,  is  composed  of  a  rock  which  varies  from  a  fine  grained  ey«. 
site,  made  ap  almost  completely  of  feldspar  and  very  little  hom- 
Uotde,  to  a  very  coarse  grained  syenite  of  the  same  kind,  and  again 
to  a  itK^  oomposed  mostly  of  feldspar  and  qaartz,  the  latter  in  very 
la^e  grains.  In  places  it  is  porphyritio  and  has  a  reddish  feld- 
■pathie-groiutd-mass,  in  which  are  red  feldspar  crystals  and  soeoe- 
timee  qaartz  orystals.  Pisseminated  throagh  the  rock  in  Tciiu, 
and  also  in  small  grains,  is  s  dark  violet  flaor  spar.  There  are  also 
some  taw  small  yellow  grains  in  the  rook  which  resemble  tal&  At  the 
amib  side  of  this  island  is  a  large  mass  of  white  qnartz  which  ez- 
tonda  along  the  ahore  for  over  a  hundred  feet.  This  qnartz  mass  was 
not  seen  in  other  plaoee  on  the  island.  Mixed  in  with  the  qaartz 
ara  fln<»  spar,  yellow  tale  and  red  feldspar;  the  latter  often  shows 
deavage  faces  eight  or  ten  inches  across.  Small  qnartz  crystals 
ara  seen  in  cavities;  these  crystals  vary  from  oolorlesa  ones  to  those 
that  are  purple  and  even  black.  The  rook  from  this  island  is 
n^iresented  hj  Nos.  676,  677  and  678. 

In  the  N.  £.  i  N.  W.  i  seo.  14,  T.  66-6,  soath  side  of  the  large 
islaad  oroeeed  by  the  north  line  of  this  section,  the  rook  appears  to 
be  porphyritio  with  large  qnartzes;  this  is  piobably  a  decayed  ooo- 
diticat  of  the  ordinary  granite,  the  quarts  being  the  only  mineral 
maltered.  This  rook  is  represented  by  Nob.  679  and  680.  This 
look  ia  seen  farther  east  in  the  same  iV  section  along  tiis  ahore  of 
the  island.  In  the  B.  W.  ^  8.  E.  J  sea  11,  the  ordinary  gruiite  oo- 
mn,  and  this  is  also  seen  in  several  places  in  the  S.  i^  of  aeo.  11,  on 
the  weet  ahore  of  this  large  island. 

All  the  outcrops  seen  along  the  shore  in  aeoa.  10  and  9,  T.  66-6, 
were  of  the  usual  cosrse  grained  granite.  On  the  little  island  in 
the  extreme  southeast  oorner  of  seo.  8  the  granite  is  seen  in  con- 
tart  with  a  fine  grained  reddish  aplite,  which  seems  to  be  in  the 
fom  of  a  dyke.  The  granite  did  not  appear  to  be  changed  at  the 
emtaet,  bot  the  other  rook  was  finer  grained.  No.  682  shows  this 
i^te  ten  feet  from  the  contact,  and  No.  681  is  the  same  from  the 
etntaot    The  shore  was  followed  pretty  closely  in  sees.  17, 18  aii4 
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19,  T.  66-6,  aod  mauy  expoaaree  were  eeea.  No.  683,  from  the 
■mall  isl&ud  in  the  moath  of  the  bay  vbioh  projeote  into  the  N.  £. 
^  K.  E.  1  seo.  19,  well  represents  the  rook  in  sec  17  and  the  B.  E. 
1  of  see.  18.  On  the  west  side  of  the  point  in  the  extreme  eonth- 
eastern  oorner  of  N.  E.  ^  8.  E.  ^  seo.  18,  the  rook  ia  decayed  and 
the  feldepar  no  longer  shove  distinct  clearage  faoee, — No.  681. 
Along  the  points  in  the  S.  W.  ^  S.  E.  }  sec.  18,  the  rook  is  moch 
decayed  and  broken,  bat  it  still  seems  to  be  part  of  the  granite, — 
No.  685.  Jost  north  of  this,  on  the  Canadian  side  and  not  more 
than  two  hundred  feet  distant,  the  ordinary  granite  similar  to  Na 
683  is  seen. 

OntoTops  of  granite,  similar  to  Na  683,  oontinae  along  the  east, 
south  and  west  shores  of  the  bay,  which  lies  in  the  W.  i^  (^  seo.  19, 
T.  66-6,  almost  to  the  west  line  of  this  section.  At  thie  line  the 
rook  is  decayed,  as  shown  by  Mo.  687.  On  the  Canadian  mde,  jnst 
north  of  this,  apparently  the  same  rock  is  seen  in  a  very  sohistoee 
condition;  it  is  also  broken  into  well  defined  flagstones  from  one 
to  four  inches  in  thickness.  These  flagstones  stand  parallel  to  the 
BohiatoBity,  which  etrikes  N.  40°  W.  and  dips  70°  towards  the 
southwest  Similar  rook,  bat  with  less  schistose  stractare,  ia  seen 
on  the  Minnesota  side  near  this  section  line.  The  specimens  col- 
lected from  the  Canadian  side,  Nos.  688  and  689,  are  not  as  fall  of 
large  quartz  grains  as  most  of  the  rock  here,  but  they  are  the 
soundest  pieces  that  coold  be  obtained.  No.  6^  is  but  a  weathered 
condition  of  No.  68S,  as  is  shown  by  one  of  the  specimens  marked 
689.  It  is  not  absolntely  certain  that  thie  rook  is  part  of  the  gran- 
ite, but  all  indications  seem  to  point  that  way.  It  is  seen  in  many 
places  in  this  vicinity  and  will  be  spoken  of  as  altered  granite. 

Along  the  east  shore  of  the  bay  in  the  8.  E  i  seo.  24,  T.  66-6, 
the  rock  is  similar  to  Nob.  688  and  689,  although  sometimee  <^ 
ooarser  grain.  The  rook  along  this  shore  in  the  E  ^  N.  E.  ^  of 
the  same  quarter  seotion  is  well  represented  by  the  last  two  num- 
bers, by  No.  690  and  by  Nos.  693  and  694,  to  be  described  below. 
In  this  subdivisioQ  of  sec  24  the  altered  gianite  is  seen  in  contact 
with  slates.  There  is,  however,  only  a  small  mass  of  the  slate  in 
contact  with  this  altered  granite,  but  large  amoonts  of  it  appear 
just  to  the  south  of  this  place.  The  contact  is  sharp  and  welt  de- 
fined. No.  691  shows  the  slate,  which  is  a  gray  to  a  black  argillyte 
No.  692  is  the  altered  granite  at  the  oontaoi  These  two  specimens 
were  taken  within  three  inches  of  each  other.  The  lamination  and 
slaty  cleavage  of  the  slates  are  practically  parallel,  although  the 
specimens  collected  (No.  691)  do  not  show  it.  The  strike  is  N.  34° 
W.,  and  the  dip  is  68°  towards  S.  56°  W.    Book  Na  693  passeB 
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gradually  into  THob.  693  and  694,  aud  these  three  namben  were 
taken  within  a  distanoe  of  foar  feet  Na  695  ia  bxtm  the  slates 
aboat  a  toot  from  the  oontaot;  it  U  probably  an  interbedded  band 
of  graywaoke.  A  small  bed  of  elate,  six  inches  wide,  is  seen  with 
the  altered  granite  on  each  aide  of  it;  this  slate  (No.  696)  is  rery 
fissile  and  of  a  drab  oolot,  appearing  considerably  different  from 
the  ordinary  slate  (Na  691).  The  oontaot  between  the  two  rooks 
in  both  plaoes  is  parallel  to  the  strike  of  the  slate,  and  the  altered 
granite  at  the  oontaot  ia  finer  grained,  like  Nos.  692  and  693,  bat 
grades  off  rapidly  into  s  coarser  grained  faoies,  like  No.  694  .There 
seems  to  be  no  line  between  the  ordinary  granite  (Na  683)  and  the 
locks  nombered  688,  689,  690,  692,  693  and  691,  bat  there  is  a  very 
evident  line  between  the  slates  aud  these  rocks.  This  altered  granite 
is  light  gray  or  greenish  gray  in  color  when  not  weathered,  bat  on 
weathering  beoomes  brownish  and  seemingly  coarser  grained. 
This  weathering  in  plaoes  does  not  extend  more  than  a  quarter  of 
an  inch  into  the  rook,  aud  in  other  plaoes  it  goes  as  far  as  three 
iuchee  from  the  aarface;  (compare  specimens  Nos.  688  and  689.) 

On  the  east  shore  of  the  bay  in  the  S.  B.  i  sec.  24,  T.  66-6.  jost 
north  of  the  little  stream  which  flows  from  the  lake  to  the  south, 
the  altered  granite  and  slate  nre  again  seen  in  contaok  Here  there 
are  three  bauds,  three  to  six  feet  wide,  of  the  altered  granite,  or 
what  appears  to  be  saoh,  in  the  slate;  the  rook  of  these  bands  is 
shown  by  No.  727.  This  rook  is  sharply  separated  from  the  slates; 
in  plaoes  it  beoomes  ooarse  by  the  addition  of  large  qaartz  grains. 
Jnst  away  from  the  contact  are  bands  of  grit  in  the  elates  like 
Moe.  729  and  730.  Near  the  contact  the  slates  hold  bands,  from 
one-half  to  six  inches  wide,  of  a  fine  grained  graywaoke  (No.  728). 
It  is  hard  to  dietingnish  in  some  oases  between  the  grit 
and  the  altered  granite  near  the  contact  between  this  latter 
rook  and  the  elates;  almost  the  only  difference  to  be  seen  is  in  the 
peealiar  weathering,  mentioned  above,  of  the  altered  granite,  bat 
when  this  rook  is  in  large  masses  it  can  be  easily  distingaished. 
The  strike  of  the  slates  at  this  place  varies  from  N.  90*^  W.  to  N. 
20°  W..  and  the  dip  from  70"  to  80°  towards  the  south.  The 
lamination  and  slaty  cleavage  are  parallel,  but  the  rook  has  been 
much  twisted.  In  some  of  the  slaty  beds  there  is  a  distinot 
schistose  stroctare,  which  is  different  in  direction  from  the  slaty 
cleavage;  this  schistosity  strikes  from  north  and  eoath  to  N. 
6°  E..  and  dips  70°  to  80°  towards  the  east.  South  of  this 
little  sbream  the  dip  aud  strike  are  rather  constant;  the  latter  is  75° 
towards  S.  60»  W.,  aud  the  strike  N.  30°  W.  Here  was  seen  a  bed 
of  the  grit,  shown  by  Na  729,  which  held  twisted  fragments  of 

Google 


92  TWSNTtBTH  AMHOAL  BKPOBT 

slate.  A  little  further  Boath  was  snotlier  bed  of  the  same,  wbieh 
had  one  side  a  Tery  irregular  line  and  oim  end  was  abmptly  ont 
ott  by  the  slate.  The  grit  from  this  place  is  showa  by  No.  730. 
The  east  shore  of  this  bay  was  oaref  ally  examined  sooth  of  the 
above  mentioned  stream.  Many  places  vere  foond  wiiere  the  grit 
held  angular  and  twisted  fragments  of  the  slate.  These  fragmenti 
were  in  most  oases  entirely  disoonneoted  from  the  slaty  bands  and 
oompletely  enoloaed  in  the  other  rock.  TSaa.  781  and  7iJ3  are  sain- 
pies  of  the  roc^  which  held  the  slate  fragments.  In  other  i^aoes 
rook  like  this  gradoally  passed  into  the  slate.  These  bands  ot 
slates  and  grit  oontimie  along  the  south  and  west  shore  of  this  bay 
nearly  to  its  north  end,  where  the  altered  granite  is  again  seen,  at 
first  holding  beds  of  the  slata  The  phenomena  here  seem  to  be 
the  same  as  described  above.  The  strike  of  the  slates  was  taken  in 
seTeral  places;  it  arerages  N.  80«  W.,  and  the  dip  was  70«  to  80° 
towards  the  southwest  However,  there  were  sosie  local  variatious 
in  the  strike;  these  varied  from  N.  20°  W.  to  N.  45"  W. 

On  the  west  shore  of  the  bay  in  the  W.  ^  of  seo.  19,  T.  66-S,  new 
the  west  line  of  this  section,  a  series  of  specimeBS  was  eollected 
representing  the  change  from  the  granite  to  the  BO>ealled  altered 
granite.  These  specimens  were  taken  within  a  distanoe  of  fifteoo 
feet;  they  are  numbered  from  717  to  725  inolnsive.  No.  790 
seems  to  be  ocly  a  decayed  oonditioD  of  No.  72L  The  exact  order 
ot  the  speoimens  to  show  the  steps  of  this  gradation  is  not  oarisin, 
•8  the  rook  exposed  was  mneb  broken  into  ai^^ular  fragments, 
■one  of  which  were  displaced  a  few  inches.  At  this  plaoe  the 
granite  held  one  inclusion  of  a  fine  grained  greenstone  (No.  726). 

At  the  porta^  from  Saganaga  west  to  Oak  lake  the  altered 
granite  is  again  seen,  and  also  jost  west  of  this  on  the  south  shore 
of  Oak  lake.  Here  it  holds  small  grains  of  white  feldspar.  No. 
733.  Farther  west  ou  the  south  shore  the  slatee  are  sees  holding 
bands  of  what  appear  to  be  the  altered  granite, — No.  731.  fiwe 
Hm  strike  Ib  N.  36°  W..  and  the  dip  about  SO^  towards  the  eonth- 
west  The  slate  formation  beoomes  well  established  before  reaefa- 
ing  the  west  md  of  Oak  lake. 

Wind  lake  and  vicinity. 

This  lake  lies  in  the  E.  i  E.  i  see  25,  T.  66-6,  and  the  W.  |W.i 
sec  30,  T.  66-6,  with  a  email  bay  projeotiDg  into  the  S.  W.  \ 
B.  W.  i  sea  19,  T.  66-5.  It  is  connected  with  Saganaga  lake  by  a 
amnll  stream  which  flows  from  the  north  end  of  this  small  bay  into 
the  bay  of  Saganaga  lake,  which  lies  in  the  B.  E.  1  of  sec.  H  T. 
66-8.  . 
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Oo  the  west  side  of  Wind  lake,  in  the  a  E.  ^  N.  E.  }  sec.  25, 
tlte  rook  ia  ocHnposed  of  iotef^rading  and  interbedded  bands  of  a 
greenish  elate  (No.  697),  a  graywacke  (No.  698)  and  a  grit  (Na 
699).  The  basding  and  slaty  oleaTage  ooinoide  in  direction.  The 
strike  18  almost  exaotlj  north  and  soath,  and  the  dip  is  76°  to  83° 
towards  the  west  Back  from  the  shore  a  hundred  yards  is  a  blnff 
composed  mostly  of  graywaoke  and  grit;  here  the  general  strike  is 
north  and  soath,  althiongh  there  is  maoh  local  twisting.  On  the 
snrfaoe  of  the  rook  the  glaoial  strise  are  very  distinot  and  run  Tery 
nearly  soath.  A  shmi  distance  farther  eoath  on  the  west  shore,  in 
the  N.  E.  i  S.  R  ^  eeo.  25,  the  rook  at  the  shore  appears  ahnosi 
masBiTe  and  is  broken  ap  into  angalar  blocks.  There  are  many  ' 
narrow  bands,  one  to  four  inches  wide,  <A  slate  in  the  rook,  wbieh 
sfanke  N.  16°  W.  and  dip  W.  82°.  The  slate  is  laminated  in 
plaees  and  is  almost  exactly  similar  to  No.  691.  The  main  mass  of 
tiie  rook  varies  from  a  graywaoke,  like  No.  698,  to  a  grit,  like 
No.  689,  and  is  very  hard  and  oompaot  Fregnedtly  the  slaty 
bands  grade  into  the  other  rock.  This  expoeore  is  at  the  north 
entranee  to  the  little  bay  in  the  same  ^  section.  At  the  west  end 
md  at  the  sonth  uitrance  to  this  bay  are  expoeores  of  the  some 
rock,  boi  with  fewer  slaty  bands.  The  strike  is  rather  imperfeotly 
shown,  bat  seema  to  be  N.  20°  W.  No.  700  is  the  graywacke  fnun 
the  west  aide  of  this  bay;  it  somewhat  resembles  siHne  tsoies  of 
the  altered  granite  found  in  oontaot  with  the  slate  an  Sagaaaga 
lakft  Soath  of  this  bay  no  ezposares  are  seen  on  the  west  shore, 
sad  tfaea«  are  none  on  the  soath  shore.  On  the  east  shore  near 
the  sooth  end  of  the  lake,  and  ba<^  a  few  yards  from  the  water,  is 
a  large  expoenre  of  the  graywaoke,  in  which  the  lamination  is 
indistinot.  On  the  soathweat  side  of  this  ezposnre  of  graywaoke 
is  an  acsa  of  blaok  to  gray  slate  aboat  eight  feet  wide  and  twenty- 
fire  feet  long,  and  exposed  for  six  to  seren  feet  in  hight.  The 
slaty  eleavage  is  distinct,  striking  N.  60°  W.  and  dipping  86°  S.  W. 
The  lamination  is  extremely  distinot;  it  has  the  same  strike  bat 
dips  BSP  towards  the  northeast  This  lamination  fades  ont  grad- 
oally  into  the  graywaoke.  The  slate  ia  to  all  appearanoes  the  same 
as  that  seen  on  the  west  side  of  the  lake.  No.  701  shows  in  a 
Buall  way  this  disoordanoe  of  slaty  cleavage  and  lamination.  This 
aqwaore  is  in  the  S.  E.  i  8.  W.  i  8.  W.  i  seo.  30,  T.  66-5. 

Several  oatarops  of  rock  varying  from  slate  to  graywaoke  ooonr 
CD  the  east  shore  in  S.  W.  i  sec.  30.  The  slaty  oleav^e  and  the 
laminatiwi,  where  seen,  alwa^  ooinoide.  The  strike  on  the  little 
point  in  the  W.  i  N.  W.  i  S.  W.  i  sec.  30  is  N.  S°  W.  and  the  dip 
is  70°  W.     The  little  island  just  off  the  point  in  the  S.  W.  i  N. 
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W.  i  seo.  30  has  a  fine  ezpoBore.  Here  tlis  bedding  of  the  gray- 
vaeke  is  seen  to  good  advaiitBRe;  strike  N.  22°  W.  and  dip  70^ 
towarda  S.  68°  W.  Oa  the  point  at  the  west  entranoe  to  the  bay 
in  E.  i  8.  W.  i  N.  W.  i  seo.  30  the  strike  is  N.  22°  W.  and  the 
dip  70°  to  76°  towards  8.  68<*  W.  The  shores  of  thia  bay^are  low 
and  ahow  no  oatorops,  bnt  on  the  shore  abont  300  feet  east  of  the 
last  named  point  is  an  oatorop  of  altered  granite  like  No.  689.  It 
is  rooghly  aohistose;  this  atmotore  is  vertioal  and  runs  acnrth  and 
soath.  Less  than  fifty  yards  east  of  this  is  a  ridge  of  the  same 
rook  very  coarse  grained.  A  little  fnrth^  north  (in  the  E.  i  N. 
W.  i  aeo.  30^  the  rook  at  the  shore  is  the  same  as  in  the  ridge.  In 
places  foor-fifths  of  the  rook  is  oomposed  of  quartz  as  is  shown  by 
Na  702.  Apparently  in  this  altered  granite  was  a  small,  illy 
exposed  area  of  brownish  fissile  elate.  No.  703  shows  this  slate 
and  Na  704  a  condition  of  it  near  the  ordinary  altered  granite.  It 
appears  as  if  this  slate  ia  part  of  the  slate  tormatioD  <rf  the  region 
enclosed  in  the  other  rook,  but  nothing  definite  ooold  be  made  ont 
concerning  it. 

The  altered  granite  extends  along  the  east  shore  in  the  N.  W.  i 
sec.  30,  and  to  the  extreme  north^n  point  of  the  laka  Here,  on 
the  east  side  of  the  stream  which  flows  into  Sagant^  lake,  the 
rook  is  altered  granite,  bat  on  the  west  side  of  thia  stream  the  elate 
and  graywaoke  formatioD  appears.  The  alatee  hold  bands  of  what 
seem  to  be  the  altered  granite,  and  also  of  graywaoke  and  grit  It 
is  here  impossible  to  distingnish  between  these  rooks,  in  fact  it 
seems  as  if  the  so-called  altered  granite  was  a  part  of  the  grit  and 
graywaoke.  Nos.  705,  706  and  707,  from  the  east  end  of  this  ex- 
posure, ahow  faoies  of  the  altered  granite  or  of  the  grit  and  gray- 
waoke. No.  708  certainly  seems  to  be  grit;  it  was  taken  over  fifty 
yards  from  the  main  mass  of  the  altered  granit&  In  one  place  one 
of  these  qoestionable  bands  was  seen  to  hold  fragments  of  slate 
near  its  edge, — No.  709.  In  no  place  did  I  see  any  of  the  so-called 
altered  granite  bands  catting  across  the  strike  of  the  slates.  Near- 
est the  main  mass  of  altered  granite  the  slates  are  brownish,  as 
those  fonnd  inclosed  in  the  other  rock  (see  Noe.  704  and  706)  and 
are  ahown  by  No.  710. 

The  slaty  formation  extends  along  the  north  and  west  shores  of 
of  Wind  lake.  Northwest  from  the  northwest  oomer  of  the  lake  is 
a  high  bluff  composed  mostly  of  grit  and  graywaoke,  the  former 
apparently  somewhat  re-crystallized  (No.  711).  Here  the  dip  is 
76°  to  80°  towards  S.  60°  W.  Abont  a  quarter  of  a  mile  south  of 
this  bluff  the  dip  is  80"  towards  S.  70°  W. 
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On  going  «Bst  from  the  soath  end  of  the  lake  to  the  small  lake 
whiofa  ia  croeaed  by  the  sooth  line  of  aeo.  30,  east  of  the  quarter 
poat^  only  a  few  ontoropa  were  seen.  These  were  of  the  same  slate 
formation  as  ezista  on  the  ahoree  of  Wind  lake.  On  the  west  shore 
at  this  small  lake  the  strike  is  N.  20°  W.  and  the  dip  80°  towards 
8. 70°  W.,  bnt  at  an  outcrop  aboat  an  eighth  of  a  mile  west  of  this 
the  strike  ts  N.  25°  E.  and  the  dip  ia  probably  80°  towards  N.  66° 
W^  bat  the  dip  conld  not  be  aooorately  determined,  as  only  a 
Binoofh  glaciated  snrfaoe  waa  expoeed.  An  ontorop  on  the  east 
shore  of  this  small  lake  appears  to  be  of  the  aame  alaty  formation, 
bnt  it  waa  not  visited.  In  the  E.  i  of  N.  W.  i  aeo.  30,  the  altered 
granite  similar  to  No.  702  is  seen. 

Soath  of  Wind  lake  a  short  distance  are  a  few  ontoropa  of  the 
date  formation.  Here  the  beds  are  twisted  somewhat,  bnt  the 
general  strike  ia  a  little  weat  of  north.  Sontheaat  from  the  lake 
the  slate  ontorope  extend  for  a  qoarter  of  a  mile.  The  dip  taken 
Ml  one  outcrop  waa  rertioal  and  the  atrike  N.  25°  W.  We  went 
ewt-aoatheaat  from  the  aontheaat  end  of  Wind  lake,  bat  after  paaa- 
ing  the  above  mentioned  ontorops  of  slate  no  other  rook  was  seen 
in  tiiu  until  coming  into  aboat  the  N.  E.  i  8.  W.  i  sec.  32,  T.  66-5. 
Here  the  ordinary  ooarae  grained  hornblende  granite  oocars,  but 
of  not  quite  aa  coarse  grain  as  that  osoally  seen  on  Saganaga  lake. 
Farther  on,  probably  in  the  8.  W.  i  S.  E.  i  of  the  same  section, 
granite  ia  again  seen. 

On  going  east  from  Wind  lake  abont  the  centre  of  the  N.  W.  i 
lea  30,  an  apparent  gradation  ia  Been  between  the  altered  granite 
and  the  ordinary  granite.  The  latter  was  foand  in  the  midst  of 
the  former  and  not  aeparated  from  it  by  any  line  or  sadden  olmnge. 
Nos.  712  to  716,  together  with  the  finer  grained  conditions  of  this 
nnk  already  described,  show  this  gradation  into  the  ordinary  gran- 
it&  In  its  ooarseat  condition  the  altered  gradlte  is  mnch  weath- 
ered and  decayed,  and  it  ia  diffionlt  to  get  good  apecimena  of  it  I 
also  went  east  from  the  lake  a  short  distance  on  the  north  line  of 
■ee.  80,  and  then  northeast  to  the  bay  of  Saganaga  lake  in  the  S.  W. 
i  sec.  19,  T.  66-5,  and  saw  essentially  the  same  gradationa.  In 
I^aeee  the  altered  granite  has  irregnlar  areas  in  which  the  large 
qoarts  graioe  are  lacking  and  the  rook  is  almost  entirely  composed 
<^  a  fine  greunieh  material,  as  seen  in  specimens  Nos.  688  and  689. 
In  a  few  places  the  large  qaartz  grains  were  arranged  along 
definite,  distinct  lines  or  "beds,"  and  this  arrangement  faded  off 
into  the  main  mass  of  the  rock  where  no  arrangement  of  the  grains 
ooDld  be  aeen.  These  "beds"  ran  from  10°  to  30°  W.  of  N.  and 
aeemed  to  stand  vertical. 
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PART    n.~CATALOGmE    OF    BOOK    SPECIMENS 

GOLLZOTBD   BX  UlYSSES  ShBBXUI  OBANT   IN   1891. 

TbiB  i^  a  oontinaatioii  of  the  list  ended  od  page  215  of  the  17th 
{1888)  Aimaal  Beport.  The  page  reterenoeB  refer  to  the  plaoee 
where  the  npeeimeoB  are  deaoribed  in  this  report 

EAWISHIWI   BIVEB  ABEA. 

299.  Greeoetone.  Joat  soath  of  Pickerel  lake,  on  the  eaat  line 
of  aeo.  26,  T.  63-11.    P.  39. 

300.  QaartnleBS  porphyry.  A  short  distance  soath  of  the  last 
P.  89. 

30L  Oootaot  of  the  last  with  the  greenstone.  Baste  locality. 
P.  89. 

302.  OreenstcHie.  8.  R  1  N.  W.  ^  sea  25.  T.  6»-ll,  pOTtagB 
from  Kawiehiwi  river  to  Pickerel  lake.    P.  39. 

303.  Sohistoee  graywaoke.    Same  locality.    P.  89. 

301  Oreenetone.  S.  E.  1  N.  W.  1  sec.  25,  T.  63-11,  PidGerel 
lake.    P.  39. 

305.  Oreeostone.  N.  W.  JN.  E.  }  sec  2&,T.63-U,  Bovthahcnte 
of  Pickerel  lake.     P.  39. 

30ft.  Silioevns  greenstone.  N.  W.  i  N.  E.  ^  sec.  25,  T.  63-11, 
south  shore  of  Pickerel  lake.    P.  39. 

307.  Oreenatone.  N.  E.  1  N.  W.  1  see.  30,  T.  63-10,  south  sbore 
of  Pickerel  lake,  M  the  ontlet.     P.  39. 

308.  QreenstoDe.  N.  E.  ^  N.  W.  ^  sec.  30,  T.  63-10,  east  end  of 
Pickerel  lake.     P.  39. 

309.  Oreenatone.  S.  W.  ^  S.  W.  ^  sea.  19,  X.  63-10,  north  ahore 
of  Pickerel  lake.     P.  39. 

810.  Serioitic  schist  East  line  of  see.  19,  T.  63-11,  north  of 
the  qaarter  poet.     P.  39. 

311.  Coarse  goeissie  syenite.  A  short  distance  farther  south 
and  just  north  of  the  qnarter  post.    P.  39. 

313.     Fine  granite.     Same  locality.     P.  39. 

313.  Dark  gneissic  syenite.  East  line  of  sec.  19,  T.  63-11,  aoath 
of  the  quarter  post     P.  39. 

314.  Mioa-schiet.    Same  locality.    P.  39. 
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31fi.    Fine  biotite  granite  TOin  rook.    Same  looality.    P.  40. 

316.  Mioa-Bohist  8.  W.  ^  X.W.  ^aee.  30,  T.  63-10^  Uttle  point 
on  north  side  of  the  Kawieliiwi  liTer.    P.  40. 

317.  Fine  vein  gmnite.    Same  looality.    P.  40. 

318.  Miea-sohist  South  of  the  Kawisbiwi  river,  abont  on  the 
wett  tine  of  eea  31,  T.  63-10.    F.  43. 

3ia    Green  aohiat    Same  looality.    P.  43. 
390.    Bed  syenite.    X.  E.  ^  S.  W.  i  sec.  30,  T.  68-ia  aoath  shore 
of  tlta  Kairishiwi  river.    F.  ^ 
SSL     Dyke  rook  in  the  syenite.    Same  looality.    F.  44 

325  to  32S.  Syenite  near  the  contact  with  the  mioa-aohist.  Same 
looality.    F.  44. 

326  to  8S8.  Uioa'Bohist  near  the  contact  with  the  syenite.  Same 
looality.     F.44. 

829.  Syenite  and  mica-sohist  in  contact;  not  in  siiu.  Same  lo- 
otlity.     F.  44. 

330.  Fine  diorite  dyke  rook.  8.  W.  ^  K.  E.  1  seo.  30,  T.  63-10. 
F.44. 

33L  HomHIende  gneiss;  indosion  in  syenite.  Same  looality. 
P.  44 

332.    Siliceous  schist;  inclusion  in  syenite.  Same  locality.  F.44. 

333  to  336.  Specimens  showing  change  from  mioa-Bohist  to  sye- 
site.  R  £.  i  N.  E.  1  sec.  30,  T.  68-10,  east  shore  of  Eawishiwi 
rirer.    P.  44. 

337.  Syenite  showing  "flowage  stmotare."  8.  W.  ^  N.  W.  ^  sec 
3%  T.  63-10;  south  shore  of  Olearwatw  lake.    P.  40. 

33a    Bed  syenite.    Same  looality.    P.  40. 

339.  Coarse  syenite.  8.  W.  ^  a  £.  1  see.  29,  T.  63-10,  nwth 
shore  of  Clearwater  lakst    P.  40. 

340.  Fine  syenite.  West  line  of  seo.  32,  T.  63-10,  north  shore 
<^  Clearwater  lake.     P.  41. 

34L  Uiea-flchiat  and  syenite  in  contact  N,  E.  ^  N.  E.  ^  sac 
31,  T.  63-10,  north  shore  of  Clearwater  lake.    F.t4L 

d4%  Bed  syenite  near  contact  with  miea-sohist.  Same  locality. 
P.ffl. 

343.  Coarse  black  diorite.  £.  ^  K.  E.  J  sac.  31,  T.  6S-I0,  west 
■bore  of  Clearwater  lake.     P.  41. 

344.  Bed  syenite  catting  the  above  diorite.  Same  locality. 
P.4L 

846.    Gray  syenite  cutting  the  above  diorite.     Same  locality. 
P.  41. 
341    Titft  dyke  rook.    Same  locality.    P.  4L 
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347  and  348.  Bed  syenite.  Weet  line  oE  sea.  5,  T.  63-10;  nortli 
ol  the  Kawiatuwi  river.    P.  41. 

349.    Hornblende  vein  rook.    Same  looalify.    P.  41. 

360.  Dark  red  syenite.  Near  the  west  line  of  sec.  5,  T.  63-10, 
north  shore  of  the  Kavishiwi  river.    P.  43. 

351.    Park  ooarse  syenita    Same  locality.    P.  42. 

352  to  354.  Coarse  dark  diorite.  a  W.  ^  M.  W.  ^  sec.  6.  T. 
63-l<^  north  shore  of  the  Kawiehiwi  river.    F.  ■& 

366.  Syenite,  a  E.  ^  N.  E.  ^  seo.  6,  T.  63-10,  Eavi«hivi  river. 
P.  42. 

366.  Bed  hornblende  granite.  N.  W.  ^  8.  W. }  sec.  9,  T.  63-10, 
south  shore  of  the  Kawishiwi  river.    P.  43. 

367.  aabbro.    8.  W.  i  8.  W.  J  sec.  9,  T.  63-10.    P.  43. 

368.  Fine  grained  biotite  granite.     Same  locality.     P.  43. 

369.  Biotite  syenite.     Same  locality.     P.  43. 

360.  Bed  aplite.     Same  locality.     P.  42. 

361.  Pine  mioaoeous  syenite.  S.  W.  i  sec  9,  T.  63-10,  east 
shore  of  the  Eawishiwi  river.    P.  43. 

363.    Fine  gray  syenite.    Same  locality.    P.  43.  ^ 
363  and  364.    Intermediate  between  gabbro  and  ayeiiit&    Same 
locality.    P.  43. 

366.    Pniple  porphyrite  ( '?}.     Same  locality.     P.  43. 

366.  Dark  syenite.  Sec.  34(?),  T.  63-10,  west  shore  of  the 
Kawishiwi  river.    P.  43. 

367.  Syenite.    Same  locality.    P.  43. 

368.  Coarse  syenite.  8.  W.  ^  sec.  84,  T.  63-10,  west  shore  of 
the  Elawishiwi  river.    P.  43. 

369.  Ooarse  diorite.  Jnst  north  of  the  centre  of  seo.  36,  T. 
63-10,  soath  shore  of  the  Eawishiwi  river.    Pp.  44-46. 

370.  Trap  dyke  rock.    Same  locality.    P.  45. 

371.  Fine  red  granite.     Same  locality.     F.  45. 

373.    Fine  gray  granite.    Jnst  west  of  the  last.    F.  45. 

373.  Diorite.     Same  locality.     P.  45. 

374.  Diorite  and  granite  in  contact    Same  locality.    F.  45. 
376.    Coarse  diorite.    S.  W.  ^  seo.  26,  soath  shore  of  the  Ka- 
wishiwi river.    P.  45. 

376.  Diorite,  fine  grained.  N.  W.  i  8  W.  i  sec.  26,  T.  63-10, 
sonth  shore  of  the  Kawishiwi  river.     P.  46. 

377.  Coarse  red  syenite.  S.  W.  J  S.  W.  i  sec.  26,  T.  63-10, 
soath  shore  of  the  Kawishiwi  river.     P.  45. 

378.  Gneiss  inolaaion  in  the  syenite.     Same  locality.     P.  46. 

379.  Greenstone.  West  line  of  sea  22,  T.  63-10,  north  of  the 
Kawishiwi  river.    F.  46. 
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380.  Greenstone.    Same  looftlit^.    P.  46. 

381.  Qnartz  porphyry.     Same  locality.     P.  46. 

383.  Oreenetone.  Weat  line  of  aeo.  22,  T.  63-10,  $  mile  north 
of  the  KawiBhiwi  river.     P.  46. 

383.  Fine  grayraoke.  IS.  E.  i  N.  E.  i  Beo.  28,  T.  63-10,  north 
shore  of  the  Eawiahiwi  river.     F.  46. 

384.  Coarser  graywaoke.     Same  locality.     F.  46. 

386.  Coarse  grayvaoke.  N.  E.  ^  N.  E.  ^  sea.  28,  T.  63-10,  north 
shore  of  the  Kawishiwi  river.    P.  46. 

386.  Finer  graywaoke;     Same  locality.     P.  46. 

387.  Oneisaio  syenite.  N.  E.  i  N.  E.  ^  see.  28,  T.  63-10,  port- 
age along  north  side  of  the  Eawiahiwi  river.    F.  46. 

388.  Fissile  greenstone.  N.  W.  i  N.  E.  ^  sec  28,  T.  63-10. 
portage  along  north  aide  of  the  Eawiahiwi  river.    P.  46. 

389  to  394.  Speoimena  illnstratiDg  passage  from  greenstone  to 
syenite.    Same  locality.    P.  47. 

396.    Finely  jointed  greenstone.    Same  locality.    P.  47. 

39SA.  Sericitio  gray wacke.  N.  E.  i  N.  W.  i  sec.  28,  T..  63-10, 
portage  along  the  norUi  side*of  the  Eawiahiwi  river.  P.  47. 

396.     Contact  of  graywack^  and  ayenite.     Same  locality.     P.  47. 

397  to  400.  Faciee  of  the  ayenite  near  the  contact  Same  local- 
ity.   P.  47. 

401.  Greenstone.     Same  locality.     P.  47. 

402.  Qoartz  porphyry  from  edge  of  dyke.  N.  i  N.  W.  J  sec.  28, 
T.  63-10,  north  shore  of  the  Eawiahiwi  river.    P.  48. 

403.  The  same  from  center  of  dyke.     Same  locality.     P.  48. 

404.  Gray  gniess.  S.  E.  ^  N.  W.  ^  sec.  28,  T.  63-10,  sonth 
of  the  Kawishiwi  river.     P.  48. 

406.     Serioitio  schist.     Same  locality.     P.  49. 
406  to  408.    Gray  gneiss.    Same  locality.    P.  49. 

409.  Diorite  in  the  gneisa    Same  locality.    P.  49. 

410.  Ked  syenite.  N.  E.  J  N.  E.  J  sec.  29,  T.  63-10,  north  shore 
of  the  Eawiahiwi  river.    P.  49. 

411.  Qoartaporphyry.  N.  J  N.  E.  J  sec,  29.  T.  63-10,  north 
shore  of  the  Eawishiwi  river.    P.  49. 

412.  Greenstone.  West  line  of  sec.  21,  T.  63-10,  one-eighth 
mile  north  of  the  S.  W.  comer  of  this  section.    P.  66. 

413.  Gray  granite  porphyry.  N.  W.  J  S.  E.  J  sec.  20,  T.  63-10, 
west  shore  of  lak&     P.  56. 

414  Quartzporphyry  ( ? ).  N.  W.  i  N.  E.  i  sec.  21,  T.  63-10, 
north  shore  of  lake.     P.  66. 

416.  Greenstone  near  dyke  walls.  N.  )  N.  E.  i  sec.  21,  T.  63- 
10,  sonth  shore  of  lake.    P.  67. 
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416.  Qnartz  porphjrr  st  edge  of  dyke.    Same  looalily.    P.  57. 

417.  The  same  front  center  ot  dyke.    Same  looaltty.    P.  57. 
as.    areeoatone.    Soath  lice  of  aeo.  16,  T.  63-10,  north  dtora 

of  lake.    P.  57. 

419.  Magnetite  alate.  Beat  line  ot  aeo.  16,  T.  63-10,  a  Amt 
diataDoe  north  of  the  gaai  ter  poet.     P.  58. 

420  to  422.'  SMioitio  gneiaa  near  ajenita  ocmtaob  Near  the  mat 
line  of  aao.  28,  T  63-10,  one-third  mile  Mntii  of  the  Eawidiiiri 
river.    P.  50. 

^3.    Gneiaa  and  syenite  in  oontaot    Same  looality.    P.  50. 

^L  Gnaiaaio  ayenite  near  the  oontaot  iritfa  the  gseua.  Same 
looality.     P.  60. 

425.  Bed  syenite.    Same  looality.    P.  50. 

426.  Serioitic  sohiat.  Near  the  west  line  of  aeo.  29.  T.  63-10, 
Bonth  of  the  Kawiahiwi  river.    P.  50. 

427.  Mioa-Bchiat.     Same  looality.     P.  60. 

428.  Syenite  porphyry  (?).  N.  i  N.  W.  J  aeo.  39.  T.  63-10. 
north  of  the  Kawiahiwi  river.    P.  61. 

429to431.  Oraygneiaa.  SmaU  ialand  in  tbebayistheN.W.  i 
N.  W.  i  BOO.  27.  T.  63-10,  Kawiahiwi  rivar.    P.  51. 

432.  Beddiah  ayeuite.    Same  looality.    P.  61. 

433.  Schist  indasion  in  syenite.    Same  looality.    P.  61. 

434.  Mioa-schiat  from  inolnsion  in  syenite.  £aat  shore  of  the 
same  bay.  -  P.  6L 

435     Mioa-Behist  and  ayenite  in  oontaot.    Sams  looality.    P.  51, 

436.  SchiBlose  syenite.  S.  £.  corner  of  bay  ia  N.  E.  i  N.  W.  i 
Bee  27,  T.  63-10,  Kawiahiwi  river.    P.  51. 

437.  QneiBsio  syenite  ( P).    Same  looality.    P.  61. 

438.  Qneies.    Same  looalitr.    P.  51. 

439.  Granite  vein  rook.     Same  looality.     F.  62. 

440.  Sobiatoae  syenite.  N.  (  Aeo.  27.  T.  63-10,  north  shore  of 
the  Kawiahiwi  rivar.    P.  52. 

441.  Chloritic  ayenite.    Same  locality.    P.  62. 

442.  Dukgoeiae.  M.£.l  N.E.^  sec.  27,  T.  63-10,  north  daare 
of  the  Kswishiwi  river.    P.  63. 

443  and  444.  Serioitio  gneiss.  N.  W.  1  N.  W.  j;  N.  W.  i  aeo.  26, 
T.  63-10,  north  ahore  of  the  Kawiahiwi  river.     P.  53. 

445.  Gray  hornblende  gneisa.     Some  looality.     P.  53. 

446.  GneiBB  and  green  inolaeion.     Same  locality.     P.  53. 

447.  Mica^ohiaL  N.  W.  ^  N.  W.  ^  sac.  26,  T.  63-10,  north 
ahore  of  the  Kawiahiwi  river.     P.  63. 

44S.  Greenstone  inolnsion  in  syenite.  K.  W.  ^  N.  W.  jt  mo.  36, 
T.  63-10,  north  of  the  Kawiahiwi  rivar.    P.  54. 
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449.  SchiBtose  greenBtone.    Same  locality.    P.  64 

450.  Diorite.  Eut  shore  of  the  bay  which  ia  crosaed  by  the 
south  line  of  aeo.  23,  T.  63-10,  Eawiahiwi  river.    P.  54. 

451.  Diorite  and  syenite  in  contact.    Same  locality.    P.  64. 

452.  Pegmatite.    Same  locality.    P.  54. 

463  to  455.  SiUceooB  schiat.  N.  E.  ^  S.  W.  i  sec.  24,  T.  63-10, 
portage  from  the  Kawiahiwi  river  to  Triangle  lake.     F.  68. 

456.  GreenstoQB.    Same  locality.    P.  58. 

457.  Green  slate,  a  E.  J  N.  W.  i  Bee.  24,  T.  63-10,  same  port- 
age.   P.  58. 

458.  Altered  qoartz  porphyry.  'N.  E.  J  N.  W.  i  eec.  13,  T.  63- 
10,  soath  side  of  small  island  in  Northveet  lake.    P.  68. 

459.  Mottled  greenstone.  N.  E.  ^  N.  E.  ^  sec.  13,  T.  63'10> 
north  shore  of  Northweat  lak&    P.  58. 

460.  Gabbro  and  biotite  syenite  in  contact.  X.  W.  ^  sec.  25,  T. 
63-10,  Bonth  shore  of  the  Kawiahiwi  river.     P.  55. 

461.  Gray  syenite.     Same  locality.     P.  56. 

462.  Red  syenite.     Same  locality.     P.  55. 

463.  Gray  syenite.    Sec.  26,  T.  63-10,  Kawiahiwi  river.    P.  55. 

464  to  466.  Bock  intermediated  between  eyenite  and  gabbro. 
N.  i  S.  W.  J  Bee.  19,  T.  62-9,  island  in  the  Kawiahiwi  river.    P.  56. 

467.  Syenite.    Same  locality.     P.  55. 

468.  Gabbro.  N.  J  S.  W.  J  eea  19,  T.  63-9,  soath  shore  of  the 
Kawishiwi  river.    P.  65. 

469.  Syenite.     Same  locality  aa  No.  467.     P.  55. 

470.  Bock  intermediade  between  gabbro  and  syenite.  Near 
the  center  of  see.  19,  T.  63-9,  point  on  north  side  of  the  Ka> 
wishiwi  river.     P.  55. 

471  and  472.  Greenstone,  a  E.  ^  N.  W.  1  sec.  19,  T.  6^-9, 
north  ehore  of  the  Kawishiwi  river.     P.  66. 

473.  Diorite.  West  line  of  sec  20.  T.  63-9,  north  of  the 
Kawiahiwi  river.    P.  66. 

8N0WBANK  LAKE  ABBA. 

474.  Coarae  syenite.  Sec.  11,  T.  63-9,  portage  from  tiie  K&< 
wishiwi  river  to  Snowbank  lake.    P.  60. 

476.  Fine  red  syenite.     Same  locality.     P.  60. 
47&  Syenite.     Same  locality.     P.  60. 

477.  Diorite.     Same  locality.     P.  60. 

478.  Fine  syenite.     Same  locality.     P.  60. 

479.  Fine  diorite.    Same  locality.    P.  60. 

480  and  481.    Gray  porphyritio  syenite.    Same  locality.    P.  60. 
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482.  Fine  Byenite.     N.  J  N.  E.  J  sea  11,  T.  63-9,  west  ahore  o£ 
Snowbank  lake.    P.  60. 

483.  Dark  red  syenite.    8.  ^  S.  E.  i  sec  2,  T.  63-9,  west  ehoie 
of  Snowbank  lake.    P.  60. 

484.  Gray  Syenite.    Same  looality.    F.  60. 

486.  Syenite.    N.  'W.  ^  S.  E.  i  boo.  2,  T.  63-9,  island  in  Snow- 
bank lake.    F.  60. 

466.    Reddish  syenite  vein  rook.    Same  locality.    P.  60. 

487.  Diorite.     West  line  of  sec.  36,  T.  64-9,  soath  shore  of 
Snowbank  lake.     F.  61. 

488.  Coarse  syenite,     a  E.  \  seo.  35,  T.  64-9,  sonth  shore  of 
Snowbank  lake.     F.  61. 

489.  Fine  syenite.     S.  E.  i  N.  W.  ^  sec.  36,  T.  64-9,  sonth 
shore  of  Snowbank  lake.    F.  61. 

489A.    Fine  diabase.    S.  E.  ^  8.  E  ^  seo.  27,  T.  64-9,  west  shore 
of  Snowbank  lake.     F.  61. 

490.  Syenite  porphyry.     Same  locality.     F.  61. 

491.  Fine  reddish  hornblende  granite.    North  line  of  see.  35, 
T.  64-9,  west  shore  of  Snowbank  lake.     F.  62. 

492.  Miua-schist    JH.  E.  ^  N.  W.  1  seo.  35,  T.  64-9,  west  shore 
of  Snowbank  lake.    F.  62. 

493.  Gneiss.    Same  looality.    P.  62. 

494  and  495.     Gneiss  near  granite  contact   Same  locality.   P.  62. 

496.  Gneiss  and  granite  in  contact     Same  locality,     F.  62. 

497.  Syenite  porphyry.    8.  E.  ^  S.  W.  ^  seo.  26,  T.  64-9,  west 
shore  of  Snowbank  lake.    P.  6J. 

498.  Hornblende  granite.    8.  E.  i  8.  W.  J  seo.  26,  T.  61-9,  is- 
land in  Snowbank  lake.    P.  63.. 

499.  Gray  biotite  gneiss.    S.  E.  ^  8.  W.  ^  sec.  26,  T.  61-9,  west 
shore  of  Snowbank  l^a    P.  64. 

500.  Syenite  porphyry  from  centre  of  dyke.     Same  looality. 
P.  64 

601.    The  same  from  edge  of  dyke.    Some  looality.    P.  Gi. 
502.    Hard  green  sohUt    N.  W.  J  8.  W.  J  sec.  26,  T.  64-9,  west 
shore  of  Snowbank  lake.    P.  65. 
502A.    Gneiss  from  pebble  in  the  schist.    Same  locality.    P.  66. 

603.  Fine  hornblende  granite.    Same  locality.    F.  65. 

604.  Porphyrite.    N.  W.  J  S.  W.  J  see.  26,  T.  64-9,  west  shore 
of  Snowbank  like.    P.  65. 

606.    Schistose  condition  of  the  same.    Same  locality.    P.  65. 
606.    Fine  syenite  dyke  rock.    Same  locality.    P.  65. 
507.    Mottled  diorita    a  W.  J  N.  E.  J  sec.  26.  T.  64-9,  west 
shore  of  Snowbank  laka    P.  66. 
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50B.    Greenstone.    Same  locality.    P.  65. 

509.  Jied  eyenite.    Same  locality.    F.  65. 

510.  OreenBtone.    Seme  locality.    P.  65. 

51L  Mios-sohist  N.  E.  ^  sec.  26,  T.  64-9,  west  shore  of  Snow- 
bank lake.    P.  65. 

512.  Green  schist    Same  locality.    P.  66. 

513.  Hornblende  granite'.    Same  locality.    P.  66. 

511.  Graywacke.  Near  the  north  line  of  sec.  26,  T.  64-9,  west 
shore  of  Snowbank  lake.     F.  66. 

516.  SUioeoQB  gohisL  S.  E.  ^  S.  K  ^  sec.  23,  T.  64-y.  west  ehore 
oE  Snowbank  lake.     P.  66. 

516.  G^reen  schist.  Sec.  24,  T.  Gi-9,  north  shore  of  Snowbank 
lake.    P.  66. 

517.  Siliceous  schist.     Same  locality.     F.  66. 

518.  Hornblende  granite.  East  line  of  sec.  24,  T.  64r-9,  north 
shore  of  Snowbank  lake.     F.  66. 

519.  Contact  of  schist  and  granite.     Same  locality.     P.  66. 

520.  Siliceons  mica-schist  near  granite  contact.  Same  locality. 
P.  66. 

521.  Fine  dark  syenite.    Same  locality.    P.  66. 

522.  Syenite.  N.  E.  i  a  W.  i  sec.  19,  T.  64-8,  island  in  Snow- 
baoklake.    P.  66. 

523.  Light  gray  syenite.  N.  W.  i  S.  W.  J  sec.  29,  T.  64-8,  east 
shore  of  Snowbank  lake.    F.  66. 

624  Ooarsfl  biotitio  syenite.  Near  south  line  of  sec  !)0, 1.  64-8, 
east  shore  of  the  largeet  island  in  Snowbank  lake.     F.  67. 

525.  Biotite  gneiss.  N.  W.  J  N.  E.  i  sec.  31,  T.  64-8,  south 
end  of  island  in  Snowbank  lake.     F.  67. 

626.  Beddish  eyenite.  N.  E.  i  sec.  1,  T.  63-9,  portage  from 
Snowbank  to  Bonnd  lake.    P.  67. 

527.  Mica-schist  cat  by  syenite  veine.  N.  E.  ^  S.  E.  ^  sec.  1, 
T.  6S-9,  north  shore  of  Boand  lake.    P.  67. 

628  and  629.  Gaeiss.  N.  E.  i  S.  E  i.  sec.  1,  T.  63-9,  west  shore 
of  Bound  lake.    P.  67. 

630.    Fine  red  syenite.    Same  locality.    P.  67. 

631  and  632.     Gneiss.     Same  locality.     P.  67. 

633.  Brown  syenite  {?).  N.  E.  i  N.  W.  i  sec.  7,  T.  63^,  south 
shore  of  Bonnd  lake.     P.  67. 

634.  Fine  red  syenite.  E.  ^  sec.  6,  T.  63-8,  east  shore  of  Bonnd 
lake.    P.  68. 

635.  Syenite  and  fine  gabbro  (?)  in  contaa.  N.  W.  i  N.  E.  i 
sec.  7,  T.  63-8,  sonth  shore  of  Bonnd  lake.     P.  68. 

636.  Fine  gabbro  (?).    Same  locality.    P.  6a 
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537.  Gabbro.    Same  locality.    P.  68. 

538.  Gray  syenite  (?).  8.  J  9.  W.  i  see.  32,  T.  64r^,  portage 
between  Disappointmeut  and  Snowbank  lakes.  P.  68.  [Note: 
No.  589,  on  p.  68.  should  be  No.  53a] 

539.  Fine  red  syenite.    Same  locality.    P.  69. 

EESSQDABia  LAKE  ABEA. 

540.  Soft  green  biotite  schist.  N.  E.  i  N.  W.  i  sec.  11,  T.  64-7, 
portage  south  of  Eekeqaabic  lake.    P.  69. 

641.  Fine  gabbro  {?).  W.  J  sec.  11,  T.  64^7,  west  end  of  Biver 
lake.    P.  69. 

543.  Finer  tacies  of  tbe  same.  N.  E.  i  S.  E.  ^  sec.  11,  T.  64-7, 
portage  from  River  to  Shoofly  lake.    P.  69. 

543.  Streaks  of  biotite  in  the  same.  8.  E.  i  K.  W.  i  sec.  11.  T. 
64-7,  Eiver  lake.    P.  69. 

644  Greenstone  from  the  Bne  gabbro  (?).  8.  E.  i  N.  W.  i  sec. 
11,  T.  64-7,  Biver  lake.    P.  69. 

646.  Fragments  of  syenite  in  the  fine  gabbro  (?).  Same  local- 
ity.   P.  69. 

646.  Gray  syenite.  N.  E.  i  8.  W.  i  sec.  II,  T.  64r-7,  sooth  shore 
of  BiTer  lake.    P.  69. 

547.  PinebiotitiogBbbro(?).  8.  E.  i  N.  W.  i  eec.  U,  T.  64r-7, 
east  shore  of  Biver  lake.    P.  70. 

548.  Fine  gray  gabbro  (?).     Same  locality.     P.  70. 

549.  Pyroxene  granite.  8.  E.  i  S.  W.  i  bgo.  2,  T.  64-7,  sonth 
shore  of  Eekeqnabic  lake.    P.  70. 

■  550.  DioritG(?).  S.  E.  i  S.  W.  i  sec.  3,  T.  64-7,  sonth  ehore  of 
Kekequabic  lake.    P.  71. 

551,  Porphyritio  pyroxene  granite.  8.  W.  i  S.  W.  i  sec,  3,  T. 
64-7,  soath  shore  of  Eekeqnabic  lake.     P.  71. 

562.    Hardened  black  slate.    Same  locality.    P.  71. 

553.  Pyroxene  granite.  8.  W,  i  N.  W".  i  aec.  3,  T.  64^7,  west 
shore  of  Eekeqnabic  lake.    P.  71. 

554.  Contact  of  diorite  and  granite.    Same  locality.    P.  7L, 
666.    Diorite.    Same  locality.    P.  71. 

666.  Pyroxene  granite.    Same  locality.    P.  72. 

667.  Finer  facias  of  the  same.    Same  locality.    P.  72. 

55a    Granite  porphyry  (?).    8.  W.  i  N.  W.  J  sec.  3,  1*  64-7, 
small  island  in  Eekeqaabic  lake.    P.  72. 
659.    Black  argiUyte.    Same  locality.    P.  72. 

560.  Granite  porphyry.    Same  locality.    P.  72. 

561.  Coarse  diorite.  S.  W.  J  N.  W.  i  sec.  3,  T.  64^7,  small  is- 
land in  Eekeqaabic  lake.    P.  73. 
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56a    Finer  diorite.    Same  locality.    P.  73. 

563.  Spotted  black  argillyte.  S.  W.  i  N.  W.  i  sec  3,  T.  64^7, 
west  shore  of  Eekeqnabic  lake.    P.  73. 

56t  Green  sohiat  S.  E.  J  N.  W.  i  8ec.  4,  T.  64-7,  west  shore 
of  Eekeqnabic  lake.     P.  73. 

565.  Fine  pyroxene  granite,  a  E.  i  N.  W.  J  see.  3,  T.  64^7, 
small  island  in  Eekeqaabio  lake.    P.  73. 

566.  Coarser  pyroxene  granite.  Another  island  in  the  same  iV 
section.    P.  73. 

567.  Fine  dark  faoies  of  the  granite  (?).  S.  W.  ^  N.  E.  ^  am.  3, 
T.  64-7,  north  shore  of  largest  island  in  Kekeqnabic  lake.    P.  73. 

566.    Block  slate  in  the  granite.    Same  looality.    P.  73. 

569.  Chloritio  conglomerate.  N.  E.  J  N.  W.  J  sec.  11,  T.  64-7, 
eaet  shore  of  Kekeqaabio  lake.    P.  73. 

570.  Green  schist.    Same  looftlity.    P.  74 

571.  Fine  pyroxene  granite.  S.  W.  J  S.  E.  J  aec.  2,  T.  64-7, 
JQst  eaet  of  Eekeqnabic  lake.    P.  74. 

572.  Inclusion  in  the  granite.    Same  looality.    P.  74. 

573.  Porphyritic  pyroxene  granite.  N.  W.  J  N.  W.  J  sec.  2,  T. 
64r-7,  small  island  in  Kekeqo&bic  lake.    P.  74. 

574    Mica  diorite  { ?).    Same  locality.    P.  74 
575.    Contact  of  the  last  two.    Same  looality.    P.  74. 
57a    Fine  pyroxene  granite,    a  W.  J  S.  E.  J  sec.  35,  T.  65-7, 
Booth  shore  of  Kekeqnaffic  lake.    P.  74. 

577.  Pyroxene  granite  porphyry.  8.  B.  J  S.  E.  J  aec.  35,  T. 
65-7,  south  shore  of  Eekeqnabic  lake.     P.  74. 

578.  Porple  granite  porphyry.     Same  looality.     F.  74. 

579.  Fine  pyroxene  granite.  S.  E.  J  a  W.  J  sec.  36,  T.  65-7, 
just  Boath  of  Eekeqnabic  lake.    P.  75. 

580.  Granite  porphyry  at  contaot  with  conglomerate.  S.  i^  N. 
E.  i  seo.  36,  T.  65-7,  sonth  shore  of  Eekeqaabic  lake.    P.  75. 

581.  Conglomerate  at  contact  with  granite  porphyry.  Same 
locaUty.     P.  75. 

582.  Granite  porphyry.    Same  locality.    P.  75. 

583.  Granite  porph3nTf  carrying  biotite.  N.  J  S.  W.  J  sea  36, 
T.  6&-7,  Stacy  island,  Kekequatic  lake.     P.  76. 

584  Pine  diabase.  8.  E.  J  N.  E.  J  sec.  36,  T.  65-7,  northeast 
shore  of  small  lake.     P.  61. 

585.  Granite  porphyry.    Same  locality.    P.  61. 

586.  Granite  porphyry.    Same  looality.    P.  81. 

587.  The  same  from  contact  with  diabase.    Same  looality.   P.  81. 

588.  Granite  porphyry.  S.  B.  J  N.  E.  J  sec.  36,  T.  65-7,  north 
Bhore  of  small  lake    P.  81. 
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589.  Fine  pyroxene  granite.  N.  W.  J  S.  E.  J  Bee.  36,  T.  65-7, 
west  shore  oE  small  lake.    F.  81. 

590.  Fine  pyroxene  granite.  A  short  diatanod  soath  of  the 
last    F.81. 

591.  Gray  granite  porphyry.  N.  E.  i  S.  E.  i  sec.  36,  T.  65-7, 
soath  shore  of  small  lake.    P.  82. 

592.  Inolosion  in  granite  porphyry.  N.  E.  i  8.  E.  i  aeo.  36.  T. 
65-7,  east  shore  of  amall  lake.    F.  82. 

593.  Metamorphosed  conglomerate.  S.  W.  i  N.  W.  J  sec.  31, 
T.  65-6,  sonth  shore  of  Eekeqaabic  lake.    P.  76. 

694.  Metamorposed  oonglomerate.  K.  £.  ^  8.  W.  ^  sec.  31,  T. 
66-6,  south  shore  of  Eekeqaabic  lake.    P.  76. 

694A.    Pebbles  from  the  sama    Same  locality.    P.  76. 

596.  Metamorphosed  conglomerate.  R  E.  ^  N.  E.  ^  sec  SI,  T. 
65-6,  Boath  shore  of  Kekeqnabio  lake.    P.  76. 

596.  Granite  porphyry.  E.  J  8.  K  i  N.  E.  i  sec.  31,  T.  65-6, 
Bonth  Bhore  of  Rekeqnabic  lake.    F.  77. 

597.  Granite  porphyry  at  contact  with  diabasa  Same  locality. 
P.  77. 

59H.  Fine  diabase  at  contact  with  granite  porphyry.  Same 
locality.    P.  77. 

599.  Fine  diabase.     Same  locality.     P.  77. 

600.  Coarser  condition  of  the  same.     Same  locality.     F.  77. 
601  to  615.     Specimens  showing  gradations  from  a  gray  slate  ( ?) 

to  the  pyroxene  granite.    S.  W.  i  N.  W  i  sec.  3,  T.  64-7,  west  shore 
of  Kekequabic  lake.    P.  72. 

616.  Granite  porphyry.  W.  J  N.  E.  J  N.  W.  i  sec.  31,  T.  66-6, 
north  shore  of  Kekequabic  lake.     F.  77. 

617.  Granite  porphyry  near  contact  with  greenstone.  Same 
locality.    P.  77. 

618.  Greenstone  near  contact  with  granite  porphyry.  Same 
locality.    P.  77. 

619.  Greenstone.    Same  locality.    P.  77. 

620.  Inclusion  in  granite  porphyry.     Same  locality.     P.  77. 

621.  Granite  porphyry.  8.  W.  i  8.  W.  i  aec.  29.  T.  65-6,  north 
shore  of  Eekeqaabic  lake.    P.  77. 

621A,  621B  and  6210.  Inclusions  in  granite  porphyry.  N.  W.  i 
N.  W.  i  sec.  32,  T.  65-6,  north  shore  of  Kek.  quabio  lake.    P.  77. 

622.  Purple  slate.  N.  E.  i  a  W.  i  sec.  36,  T.  65-7,  aonth  shore 
of  Eekeqaabic  lake.     P.  78. 

623.  Pyroxene  granite.     Same  locality.     P.  78. 

624.  Pyroxene  granite  at  contact  with  purple  slate.  Same 
locality.    P.  78. 
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635.  Parple  slate  at  contact  with  granite.   Same  locality.   F.  76. 

626.  Hardened  8late(?).    Same  locality.    P.  78. 

627.  Gray  slate.    Same  locality.    P.  78. 

628.  Granite  porphyry  at  contact  with  greenetone.    N.  E.  i  N. 
£  i  sec  36,  T.  66-7,  north  shore  of  Kekeqnabic  lake.    P.  78. 

629.  Granite  porphyry.    Same  locality.    F.  78. 

630.  Metamorphosed  conglomerate,    S.  W.  i  S.  E.  i  sec  31,  T. 
65-6,  Bonth  of  Kekeqnabio  lake.    P.  79. 

631    Black  slate.    N.  W.  i  8.  E.  i  sec  31,  T.  66-6,  sonlh  of 
Eekeqoabic  lake.    P.  79. 
632.    Grit    S.  "W.  1  S.  E.  1  sec  31,  T.  65-6.    P.  79. 
633    Grit  end  slate  interbanded.    Same  locality.    P.  79. 
634.    Qrit    S.  W.  J  N.  B.  i  sec  6,  T.  64-6.    V.  79. 

636.  Grit    8.  W.  i  S.  E.  i  sac.  6,  T.  64-6.    P.  79. 

636.  Granite  porphyry(?).    S.  W.  i  N.  B.  J  sec  7,  T.  64-6. 
P.  80. 

637.  Green  conglomerate.    N.  E.  }  S.  W.  i  sec  7,  T.  64-6,  north 
of  Bmall  lake.    P.  80. 

638.  Crystalline  conglomerate.    S.  E  J  S.  W.  i  sec  7,  T.  64-6, 
JDBt  north  of  small  lake.    P.  80. 

639.  Gabbro.    &  i  8..E.  i  sec  7,  T.  64-6,  east  shore  oE  small 
lake.    P.  80. 

640.  Porphyritic  ( ?)  conglomerate.    S.  E.  1  8.  E.  i  sec  29,  T. 
65-6,  east  end  of  portage.    P.  82. 

641    Qreen  conglomerate.     Same  locality.    P.  82. 

642.  Metamorphosed  gril(?).    S.  W.  i  S.  W,  i  sec  26,  T.  66-6, 
east  shore  of  small  lake.    P.  82. 

643.  Fine  diabase.    Same  locality.    P.  82. 

644.  Metamorphosed  grit('i')  at  contact  with  dial)a8e.     Same 
locality.    P.  82. 

Baqasaoa  lake  area. 

646.    Coarse  gray  granile.    N.  E.  i  N.  W.  i  sec.  17,  T.  66-5, 
Wast  Sea  Gall  lake.    P.  83. 

646.  Decayed  granite.    Same  locality.    P.  83. 

647.  Coarse  granite.    N.  E.  i  N.  E.  i  sec.  17,  T.  65-6.    P.  83. 
64&    Green  slate.    N.  W.  i  N.  E.  i  sec.  17,  T.  65-5,  south  shore 

ol  WeetSea  Gall  lake.    P.  83. 

649.  Coarse  granite  rein  rock.    Same  locality.    P.  83. 

650.  Fine  reddish  granite  vein  rock.    Same  locality.    P.  83. 
651    Greenstone    N.  E.  i  N.  W.  J  sec  17,  T.  66-5,  sonth  shore 

of  West  Sea  Gnll  lake.    P.  83. 
652.    Diabase,    Same  locality.    P.  83. 
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653.  Fine  gr&ywacke.  S.  W.  i  S.  W.  i  Bee.  8,  T.  65-5,  weet 
shore  of  West  Sea  Gall  lake.    P.  84 

654.  Ogishke  Mancie  conglomerate.  N.  W.  i  S.  W.  i  sec.  8, 
T.  65-5,  west  ehore  of  Weet  Sea  Gall  lake.    P.  8i 

655.  Granite.  N.  E.  i  8.  E.  i  sec.  7,  T.  65-5,  jost  west  of  West 
Sea  Gall  lake.    P.  84. 

656.  OgLshke  Monoie  conglomerate  at  oootaot  with  granite. 
N.  W.  i  N.  E.  i  S.  E.  i  sec.  8,  T.  65-5.    P.  84. 

657.  Granite  at  oontaot  with  conglomerate.  Same  loaality. 
P.  84. 

657 A.    Granite.    Same  locality.    P.  84 

658.  Matrix  of  conglomerate.    Same  locality.    P.  84. 

669.    Fine  green  matrix  of  conglomerate.    Same  locality.    F.  85. 

660.  Purple  porphyrite  (?)  at  contact  with  granite.  N.  J  8. 
W.  J  N.  W.  i  sec.  8,  T.  65-5,  weet  shore  of  Weet  Sea  Gnll  lake. 
P.  85. 

661.  Porple  porphyrite  ( ?).    Same  locality.    P.  85. 

662.  Diabase  from  dyke.  N.  W.  i  8.  W.  J  sea  5,  T.  65-5,  weet 
shore  of  West  Sea  Gull  lake.    P.  85. 

663.  Gieen  slate.    E.  4  N.  E.  J  8.  E.  J  see.  6,  T.  65-5.  P.  85. 

664.  Grit.     Same  locality.     P.  85. 

665.  ,  Granite.  W.  i  N.  W.  i  N.  W.  i  eea  8,  T.  65-5,  west  shore 
of  small  lake.     P.  86. 

666.  Decayed  granite.  W.  J  N.  W.  i  N.  W.  J  sea  8,  T.  65-5, 
just  weet  of  small  lake.    P.  86. 

667.  Decayed  granite.     Same  locality.     P.  87. 

668.  Decayed  granite  {?).     Same  locality.     P.  87. 

669.  Hardened  mica-schiat.  E.  i  S.  E.  J  N.  E.  J  sec.  17,  T. 
65-5,  west  shore  of  small  lake.    F.  87. 

670.  Green  eiliceons  schist.  S.  J  S.  W.  J  N.  W.  J  sec  16,  T. 
65-5,  south  shore  of  small  lake.    P.  87. 

671.  Decayed  granite.  Weet  line  of  sec.  15,  T.  65-5,  south 
shore  of  Sea  Gull  lake.    P.  88. 

672.  Fine  gray  granite.  West  line  of  sec.  15,  T.  65-5,  just 
north  of  the  southwest  comer  of  this  section.    F.  88. 

673.  Mioa-sohist  Weet  line  of  seo.  %%  T.  66-5,  just  south  of 
the  northwest  comer  of  this  section.    P.  68. 

674.  Quartz  porphyry.    Same  locality.    F.  88. 

675.  Typical  homblende  granite.  8.  W.  ^  S.  E.  ^  seo.  8,  . 
65-6,  east  ehore  of  email  island  in  West  Sea  Gnll  lake.    P.  86. 

676.  Gray  flaorite  granite.  S.  E.  J  N.  W.  J  eec.  14,  T,  66-5. 
island  in  Saganaga  lake.    P.  89. 

677  and  67a    Hed  flaorite  granite.    Same  locality.    P.  89. 
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679  and  680.  Alteretl  granite.  N.  E.  i  N.  W,  J  eec.  14,  T.  66-5, 
soath  shore  of  island  in  Saganaga  lake.     P.  89. 

681.  Bed  aplite  at  oontact  with  granite.  S.  E.  ^  8.  E.  ^  sec.  8,' 
T.  66-5,  ialand  in  Saganaga  lake.     P.  89. 

682.  Bed  aplite.     Same  locality.     F.  89. 

683.  Coarse  hornblende  granite.  8.  i  S.  E.  ^  sec.  18,  T.  66-5, 
island  in  Baganaga  lake.     P.  90. 

684.  AJtered  granite.  S.  E.  1  K.  E.  ^  S.  E.  ^  seo.  18,  T.  66-5, 
aoatb  shore  of  Saganaga  lake.     F.  90. 

685.  Altered  granite.  S.  W.  ^  S.  E.  ^  sec.  18,  T.  66-5,  soath 
shore  of  Saganaga  lake.     F.  90. 

686.  Typical  coarse  hornblende  granite.  S.  W.  ^  N.  E.  ^  sec. 
22,  T.  66-5,  west  shore  Saganaga  lake.     F.  88. 

687.  Altered  granite.  West  line  of  sec.  19,  T.  66-6,  south  shore 
of  Saganaga  lake.     P.  90. 

688.  Qreen  Edtered  granite.  Canadian  shore,  jast  north  of  the 
last     F.  90. 

689.  Weathered  condition  of  the  same.     Same  locality.     P.  90. 

690.  Altered  granite.  E.  %  N.  E.  i  S.  E.  J  sec.  34,  T.  66-6, 
east  shore  of  bay  of  Saganaga  lake.     F.  90. 

691.  Oray  slate.     Same  locality.     F.  90. 

692  to  694.     Altered  granite.     Same  locality.     Pp.  90,  91. 

695.  Graywacke.     Same  locality.     F.  91. 

696.  Drab  fissile  slate.    Same  locality.    F.  91. 

697.  Green  slate.  S.  E  ^  N.  E.  ^  sec.  25,  T.  66-6,  west  shore 
of  Wind  lake.    F.  93. 

698.  Graywacke.    Same  locality.    F.  93. 

699.  Grit.    Same  locality.    F.  93. 

700.  Graywacke.  N.  E.  ^  S.  E.  ^  sec.  25,  T.  66-6,  west  ahore  of 
Wind  lake    P.  93. 

70L  Slate  showing  diacordance  of  lamination  and  slaty  cleavage. 
8.  E.J  S.  W.  i  8.  W.  i  sec.  30,  T.  66-6,  jast  east  of  Wind  lake. 
P.  93. 

702.  Altered  granite.  E.  ^  N.  W.  ^  sec.  30,  T.  66-6,  east  shore 
of  Wind  lake.     P.  94. 

703.  Brown  fissile  slate.     Same  locality.     P.  94. 

704.  Coarse  condition  of  the  same.     Same  locality.     F.  94. 

705  to  707.  Altered  granite  ( ?).  S.  W.  J  8.  W.  i  S.  "W.  i:eec. 
19.  T.  65-^,  north  shore  of  Wind  lake.     F.  94. 

708.  Grit.     Same  locality.     P.  94. 

709.  Grit  (?).    Same  locality.    P.  94. 

710.  Brown  fissile  slate.     Same  locality.     P.  94. 
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G  71L  Grit,  a  E.  i  3.  W.  i  S.  W.  i  sec.  «4,  T.  66-6,  joat  nortli- 
wt»t  of  Wind  lake.     P.  94 

712  to  716.  Speoimena  showing  gradatioD  from  the  altered 
granite  to  the  ordinary  granite.  N.  W.  i  sec,  30,  T.  66-5,  east  of 
Wind  lake.    P.  95. 

717  to  725.  HpecimeDB  showing  gradation  from  the  altered 
granite  to  the  ordinary  freah  granite.  N.  W.  i  8.  W.  i  neo.  19,  T. 
66-6,  sonth  shore  of  Saganaga  lake.     P.  92. 

726.  Greenstone  inolnsion  in  granite.     Same  locality.     P.  92. 

727.  Altered  granite  ( 7).  E.  ^  8.  E.  i  sec.  24,  T.  66-6,  east 
shore  of  bay  of  Saganaga  lake.    P.  91. 

728.  Graywaoke.     Hame  locality.     P.  91. 
729  to  732.    Grit.    Same  looality.    Pp.  91,  92. 

733.  Altered  granite.  S.  E.  i  X.  E.  i  sea.  24,  T.  66-6,  portage 
from  Saganaga  lake  to  Oak  lake.     P.  92. 

784.  Altered  granite  (?).  Sec.  24,  T.  66-6,  south  shore  of  Oak 
lake.    P.  92. 
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THE  MESABI  IRON  RANGE. 


DlBOOTEBX   OF  THE  Obe. 

Od  the  sixteenth  day  of  November,  1890,  workmoB  osder  the 
direction  of  Capt.  J.  A.  Niohole,  of  Dalath,  MinneBoti,  enooantered 
(oft  hematite  in  a  test-pit  on  the  northwest  quarter  of  Motioii  thre^ 
tonsbip  fifty-eight,  range  eighteen,  weet  of  the  foarth  prinoipaJ 
iiieridian.  This  mine,  now  called  the  Mountain  Iron,  tab  the  first 
body  of  soft  ore  disonvered  on  the  Mesabi  iron  range.  Hard  on, 
ohiefly  magnetic,  had  been  known  for  many  years  on  the  Heeabi, 
and  exploratioDB  made  by  Mr.  £.  W.  Oriffin,  of  Minnenpolig,  neu* 
the  falls  of  Prairie  river  in  townships  66-24  and  5t(--25,  had  revealed 
some  hard  hematite  isterbedded  with  qnartzyte  and  low  grade  soft 
oro.  This,  however,  was  the  first  merchantable  d^Kwit  of  hematite 
EoSDd  on  the  new  range.  Capt  Niohols  had  been  doing  more  or 
len  exploring  work  along  the  range  f<»:  some  two  years  prior  (o 
this  discovery.  The  Merritt  brothers,  of  Dnlath  and  Oneota,  wero 
not  to  be  discouraged  by  the  reports  of  explorers  and  miners  added 
to  those  of  experts  and  geologists  who  had  condemned  the  range 
ever  nnce  1875.  To  these  Dolath  pioneers  the  Hesabi  was  an  at- 
tractive and  promising  district  and  their  faith  in  it  was  never 
shaken,  even  though  their  ready  cash  was  spent  vainly  and  two 
jean'  searching  remained  unrewarded.  To  them  belongs  the 
credit  for  persisting  in  the  hant  for  ore  and  the  final  discovery  of 
it,  aod  to  them  rightfully  and  properly  have  large  rewards  already 
been  granted. 

What  Eablv  £xpt.0BEB8  Had  Baid. 

The  Heeabi  range  attracted  attention  to  its  iron  belt  as  early  as  - 
1875,  and  several  iron  experts  of  good  repute  were  sent  to  examine 
the  various  ontcrope  of  ore  known  at  that  time.  The  joorney  was 
■n  ardaooB  one  into  a  dense  wildemeaa,  and  there  is  no  wonder 
they  did  no  test-pitting  or  drilling.  They  were  sent  to  examine 
ontcropB  which  they  properly  enough  condemned,  for  the  only  iron 
to  be  seen  was  in  thin  strata  of  magnetite  banded  with  jaspery 
qnurteyte,  nnder  which,  in  Eome  places,  coold  be  seen  the  rocks  of 
the  Arohean. 

Bt 
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Professor  A.  H.  Chester,  of  Hamilton,  N.  Y.,  was  one  who  visited 
the  Mesabi  in  1876.  His  acooiint  of  the  ores  and  rocks  there  may 
be  found  in  the  eleventh  annnal  report  of  the  Minnesota  geolt^eal 
sorrey,  pages  164  to  167.  , 

Capt.  A.  P.  Wood  and  others  were  sent  to  the  very  property  now 
owned  by  the  Moantain  Iron  Company,  aboat  eight  year^  af{o,  and 
seeing  nothing  bat  the  lean  outcrops  mentioned  above  reported 
adversely  on  it 

In  fact  the  opinion  of  these  early  explorers  was  nnanimoosly  on- 
favorable  to  the  range.  Some  of  them  foand  the  tdtanif eroos  ore  of 
the  gabbro  and  drew  the  haaty  oonolasion  that  all  the  ores  on  the  range 
woold  be  worthless  on  account  of  titaninm.  The  impression  gained 
groand  after  the  mines  on  the  Yermilion  range  were  opened  that 
there  was  do  ore  worth  mining  on  the  Mesabi,  beoanse  it  consisted 
of  nearly  horizontal  strata,  or,  in  miner's  parlance,  was  a  "blanket 
formation."  The  ore  deposits  in  the  ranges  on  the  soath  shore  of 
lake  Saperior  are  all  inclined  at  high  angles,  and  a  flat  deposit  of 
ore  of  any  considerable  pnrity  and  thickness  was  unknown  in  this 
ooontry.  In  spite  of  all  this  anfavorable  opinion  on  the  part  of 
those  who  shoold  be  competent  to  jadge,  and  against  the  advice  of 
their  friends,  the  Merritts  continned  to  look  for  oatoropa  and  dig 
holes  in  the  groand,  and  never  ceased  to  dream  of  hidden  sb»eB  of 
iron  treasure. 

It  should  here  be  stated  that  the  opinion  of  the  State  Geologist 
and  his  assistants  was  again  and  again  expressed  in  conversatiim 
and  put  on  record  in  vsrions  reports  to  the  efEect  that  the  Mesabi 
was  likely  to  yield  large  quantities  of  good  ore.  It  was  shown  by 
diagrams  that  the  formation,  although  a  flat  one,  did  contain  good 
ore,  and  it  waa  indicated  where  the  ore  woald  occur  in  relation  to 
the  other  rooks  of  the  range.  The  order  of  stratification  was 
studied  and  explained  two  or  three  years  before  any  ore  was  dis- 
covered, and  finally  we  even  went  so  far  as  to  hazard  the  prediction 
that  the  Mesabi  range  was  likely  to  produce  more  ore  even  than 
the  Penokee-Oogebic.* 

This  and  many  other  statements  of  similar  import  put  the  geol- 
ogical survey  on  record  as  favoring  the  Mesabi,  against  the  opinion 
of  nearly  all  the  aotoal  mine  operators  and  Boientists  who  bad  ex- 
amined it 

If  the  geology  of  the  range  as  it  was  described  in  the  annoal  re- 
ports of  1887  and  1888  were  better  onderstood  by  the  explorers  on 
the  range  at  the  present  time  there  woald  be  fewer  test-pite  sank 
in  greenstone,  granite  and  quartzyte  and  more  dollars  in  the  pock- 
ets of  those  who  are  stiU  vainly  searching  for  ora 
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It  is  not  the  provinoe  of  the  etate  geological  satrrey  to  find  in»t 
mines;  that  is  the  bnsine&s  of  the  explorer.  A  geologist's  daty  is 
by  etady  and  observation  to  indicate  the  proper  conditions  for  ore 
deposits  and  the  geographie  limits  o(  the  formations  in  which 
those  oonditions  may  exist  The  intelligent  and  nnbigoted  ex- 
plorer wiH  assimilate  these  ideas  and  apply  them  in  disooTering 
the  stores  of  hidden  vealth.  The  work  of  sinking  teat -pits  is  work 
of  exploration,  not  geological  work.  As  soon  ss  a  geologist  begins 
to  apply  his  ideas  and  dig  holes  he  becomes  an  explorer,  and  in 
that  work  is  a  geologist  no  longer.  We  confess  that  we  take  oon- 
siderablfl  pride  in  the  fact  that  onr  predictions  in  regard  to  the 
Mesabi  are  now  in  snch  rapid  process  of  tnlfillmeot 

There  are  several  prominent  citizens  of  Dnlnth  and  others  who 
took  an  early  interest  in  the  Mesabi  and  assisted  largely  in  its 
rapid  development.  It  is  dne  to  their  energy  and  confidence  in 
the  new  range  that  there  has  been  began  the  exploitation  of  the 
greatest  iron  range  in  the  world,  in  the  most  wonderfully  rapid  and 
nnpreoedented  fashion.  Among  these  pioneers  of  development 
shonld  be  mentioned  jadge  J.  T.  Hale  and  his  partner,  E.  C.  Grid- 
ley;  A.  E.  Hamphrey,  Qeo.  E.  MtUigan  and  others  in  the  firm  of 
A  E.  Hamphrey  &  Co.,  who  andoabtedly  were  engaged  in  the 
laigest  transactions  oonBummated  on  the  range  daring  the  first 
year  of  its  discovery,  and  whose  exertions  have  reealted  in  the 
most  extenaiTe  discoveries,  perhaps  several  years  in  advance  of  the 
natarsl  procesa  ol  development;  Frank  Uibbing,  A.  J.  Trimble, 
James  Billings,  John,  William  and  Dancan  McKinley,  D.  T.  Adams, 
J.  T.  James,  Hon.  O.  D.  Einaey,  Joseph  Sellwood,  J.  O.  Cohoe,  P. 
Li.  Kimberley,  J.  T.  Jones,  J.  A.  Crowell,  J3mes  Sheridan,  and  many 
others  whose  names  are  not  now  recalled.  Jadge  Hale,  especially, 
tbroogh  the  observations  of  John  McCaskill  and  B.  T.  Hale,  began 
exploration  work  in  a  systematic  Eind  thoroagh  manner.  McOaskiira 
keen  eye  discovered  ore  clinging  to  the  roots  of  an  nptarned 
tree  on  the  Cincinnati  property,  and  by  tracing  oat  fiom  there  the 
approximate  coarse  of  the  green  schist  ridges  enabled  judge 
Hale  and  his  ooOperators  to  early  select  and  seonre  pnssession  of 
some  of  the  best  lands  in  58-16.  The  valne  of  clear  and  acoarate 
observation  and  shrewd  deduction  from  the  facts  observed,  as  to 
the  beet  looaaon  for  iron  ore  deposits  and  the  situations  in  which 
they  were  most  likely  to  occar,  was  soon  made  apparent  on  this 
range.  Those  who  selected  lands  by  chance',  even  thoagh  they 
pnrchased  whole  sections,  did  not  get  as  mnch  iron  ore  as  those 
who  applied  what  knowledge  was  to  be  obtained  in  the  selection  of 
]Homising  pieces.     The  difflcnlties  of  becoming  acquainted  with 
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«QCb  «  irildemesB  and  the  new  oooditioiis  to  be  met  with,  are  in- 
oom{>refaennb1e  to  cue  opt  familiar  with  the  region,  and  form  some 
fttonse  for  the  great  vaste  of  money  in  the  baying  of  lands  and 
working  them  daring  the  earliu-  mont^.  Travel  w&b  pertoroe  on 
foot,  and  aapplieg  were  oaoried  on  men's  backs  throi^  awamps 
and  dense  forests  tot  many  weary  miles.  The  range  of  vision  is 
limited  in  the  basbeB,  and  the  manUe  of  glaoial  drift  oonoeals  the 
ro^s,  eapeoialty  the  flat  formati<»iB  of  the  Meeabi.  It  is  ao 
wond«r  then  that  a  narrow  belt  of  ore  shoold  remain  andisooTered 
for  so  many  years  in  the  vast  region  stretching  between  Dulnth 
aod  Uie  Oiaot's  range.  Few  explorers  were  hardy  sod  persistent 
enough  to  spend  the  time  »nd  undergo  the  hardships  iaTolved  in  a 
long  search  for  on  on  the  maoh>oondemned  range.  Even  after 
the  discovery  ol  large  deposits  of  fine  ore  it  is  a  matter  of  great 
diffioalty  and  expense  to  take  men  and  sapplies  into  the  new 
regions  twelve  to  forty  miles  from  any  railroad.  It  is  highly  im- 
portant t^t  good  wagon  roads  be  boilt  throngh  this  mining  region 
at  OBce.  The  roads  at  present  are  almost  impassable,  and  the  ooat 
of  transporting  mining  ontfits  enormons,  while  tbe  delay  is  a 
serione  matter  in  many  instances.  It  is  a  matter  of  interest  to  the 
entire  state  to  have  these  new  ore  fields  developed,  and  the  first 
thing  to  be  done  is  to  oonstroot  passable  roads. 

Extent  of  the  Banoe. 

The  ore  formation  of  the  Mesalii  range  extMids  from  the  Can- 
adian boundary  line  in  Minnesota,  in  a  direction  a  little  sontb  of 
west  to  and  beyond  the  Mississippi  river  in  township  66-25,  a 
distance  of  140  miles  or  more.  Fart  of  this  distance  the  ore-beu-- 
ing  rocks  are  concealed  from  sight  by  the  later  gabbro  overflow. 

The  width  of  the  ore  belt  at  any  one  place  probably  does  not 
exceed  two  miles,  and  will  be  fonnd  to  be  generally  lees  than  one. 
The  ore  lies  in  nearly  flat  beds,  having  a  variable  depth  or  thick- 
ness ap  to  100  feet.  It  is  not  to  be  inferred  that  there  is  a  contin- 
noas  belt  of  ore  half  a  mile  to  a  mite  or  more  wide  and  10-80  feet 
thick  extending  for  140  miles  on  this  ranga  That  wonld  be  far 
from  trne.  The  ore  deposits  are  foiind  at  intervals  over  this  area 
where  the  conditions  necessary  for  their  formation  and  aocnmola- 
tion  exist.  What  these  conditions  are  will  be  explained  later. 
The  ore  on  the  eastern  end  of  the  range  is  hard,  black  and  ml^;• 
netic,  all  {u-obably  owing  to  the  heat  of  the  gabbro  overflow.  On 
the  aeotrfJ  and  western  portions  of  the  range  the  ore  is  soft  hem- 
atite, limonite  aod  gcethite  with  hard  hematite  and  limonite  streaks 
of  variable  thickness. 
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Ore  ID  merchaDtable  quantity  bas  already  been  (onod — Jose, 
1893-~on  the  oentral  part  of  the  range  in  eeven  townships,  over  a 
length  of  forty  mUae.  There  is  good  reason  to  believe  it  will  be 
found  in  many  plaoes  where  no  work  has  been  done  yet,  as  well  as 
ID  some  Beotione  where  hasty  or  misdirected  exploration  has  so  far 
fiuled  to  find  it  TowBship  38-17  especially  is  likely  to  prodnoe 
many  more  mines. 

Extent  op  Othbb  Bahobb. 

The  iron  mines  worked  on  the  VermilioD  range  at  present  are  at 
two  points  only,  Tower  and  Ely,  twenty-three  miles  apart  Other 
lake  Saperior  ranges  have  an  extent  as  follows: 

Marquette,  from  Goose  lake  to  Three  takes,  thirty-foor  miles. 

Menominee  from  the  Breen  mine  to  the  Nanaimo,  fifty  miles. 

Penokee-Gogebio,  from  Sunday  lake  to  Upson  on  the  Wisoonsin 
Central  B.  B.,  thirty  miles  or  less. 

It  is  tbos  evident  that  there  is  an  opportani^  on  the  Mesabi 
range,  considering  murely  the  area  ol  the  iroq  formation,  for  a 
moch  larger  quantity  of  iron  ore  than  on  any  other  range  in  the 
lake  Baperior  district,  which  is  admitted  to  be  the  greatest  iron 
district  of  the  globe. 

In  {avorable  sitnations  the  ore  depoeits  on  the  Mesabi  may  have 
a  width  of  a  mile  and  a  length  of  two  miles.  The  width  of  ore- 
bodies  here  corresponds  to  the  depth  on  other  ranges.  Henoa 
there  may  be  in  one  ore  deposit  on  the  Mesabi  as  modi  ore  within 
one  hundred  feet  of  the  surface  as  on  the  Yermilion  or  Marqaetta 
range  down  to  the  depth  of  one  mite.  When  this  idea  is  onoe  com- 
prebeoded  and  its  truth  admitted  the  great  advantage  of  this  new 
range  over  all  other  known  ranges  is  at  once  recognized. 

There  is  always  the  possibility  that  the  ores  of  the  Mesabi  will 
be  found  to  extend  indefinitely  to  the  south  under  the  black  slates 
of  the  Animikie^  and  even  under  the  gabbro  and  trap  rooks  of  the 
lake  Saperior  basin,  until  it  reappears  in  the  Fenokee- Gogebic 
raoge  on  the  south  shora  In  that  case  the  supply  of  iron  which 
may  be  counted  on  for  future  production  is  simply  incomprehensi- 
ble and  inexbausbble.  The  greatest  and  deepest  mines  of  the 
world  will  be  developed  here,  and  the  industry  of  iron  mining  and 
mannfacture  in  this  state  will  continue  to  grow  until  iron  is  no 
more  an  article  of  consumption. 

But,  while  we  admit  this  p<»eibility,  we  must  confess  that  we  do 
not  consider  it  likely  to  be  the  oasft  The  nature  of  the  ore,  its 
probable  method  of  origin  as  explained  later  on,  its  porous  texture 
and  hydrated  composition,  combined  with  our  general  geosoopy, 
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foroe  OS  to  the  opinion  that  the  merchantable  ore  beds  are  narrow 
and  only  looally  deToloped.  If  here  and  there  ore  Ib  found  at  a 
oonsiderable  depth  under  the  black  eUtea  it  will  be  dae  to  some 
local  oonditionB  which  cannot  be  expected  to  prevail  oyot  a  wide 
region,  and  will  be  correspondingly  acooTtnted  for. 

Gboloox  of  the  Mbsabi  Banob. 

The  Keoli^ty  of  the  Mesabi  has  been  dJBcassed  in  the  Tuions  an- 
nual reporta  of  the  Minnesota  eorvey  which  have  deeoribed  field 
work  in  the  northern  part  of  the  state.  The  U.  S.  geological  Bor- 
vey  haa  also  added  considerable  to  the  literature  of  the  range  and 
its  geology.  The  views  of  different  geologiets,  as  expreesed  in 
these  and  other  pablications,  will  be  foand  referred  to  in  the  report 
on  "The  Iron  Ores  of  Minnesota,"  Btdletin  No.  6,  Geol.  and  Nat. 
Hist  Sor.  I  shall  here  give  merely  an  outline  of  the  viewB  enter- 
tained at  present  by  myself. 

^  Geoqnost  or  the  Banqb. 

This  iron  range  presents  one  of  the  most  interesting  chapters  in 
the  life-history  of  that  part  of  the  earth's  ornst  which  is  embraced 
within  the  boondariee  of  Minnesota.  We  have  here  the  phenom- 
enon of  a  series  of  strata,  wide-spread  and  of  immense  thickness, 
entirely  confined  to  the  soath  side  of  a  range  of  granite  and  syenite 
hills.  Altliongh  the  country  is  at  the  present  time  mnoh  tower,  no 
trace  of  the  Messbi  range  rocks  has  been  reported  north  of  the 
Giant's  range  granite  in  this  state.  The  altitude  of  the  variona 
portions  of  the  range  is  not  the  same.  Elevations  or  depressions 
amounting  to  hundreds  of  feet  have  taken  place,  and  the  horizontal 
Taconio  strata  of  the  Mesabi  have  simply  sunk  or  been  elevated 
with  the  granite  and  schist  which  sustain  them.  On  the  southern 
slope  of  the  granite  range,  whose  summits  form  bine  hills  visible 
for  thirty  miles  either  south  or  north,  there  are  aooumnlated  strata 
of  qaartzytes,  iron  slates,  quartz  slates,  cherts  and  argillytes  with 
flows  of  gabbro  and  trap  rocks  thousands  of  feet  in  thickness.  Yet 
only  the  gabbro  ernptivee  appear  to  have  extended  north  of  the 
lofty  Giant's  range,  and  that  very  seldom.  It  is  not  credible  that 
the  Taconio  strata  once  existed  north  of  the  granite  and  have  since 
been  entirely  swept  away  by  erosion — glacially  or  otherwise.  The 
sharp,  deep  gorges  in  the  folded  crystalline  and  earthy  schists  of 
the  Vermilion  range,  which  lies  at  the  foot  of  the  Giaof  s  range  to 
the  north,  would  surely  retain  some  traces  of  sediments  which 
formerly  filled  them.  And  if  the  huge  granite  range  was  such  a 
protection  for  the  soft  ores  and  slatee  which  lie  09  its  southem 
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slope  as  to  leave  those  exteaBive  depositB  of  soft  iron  ore,  which 
are  now  being  dlBoorered  juai  beueath  the  drift  mantle,  8nrely 
there  woold  be  some  protection  afforded  to  simitaT  rooks  by  the 
lesser  parallel  ridges  farther  north,  and  some  remnants  of  the 
ilates  woold  remain.  _ 

Look,  ino,  at  the  difference  in  the  topc^raphy  on  the  two  sides  of 
the  Oiant'e  range,  especially  west  of  the  gabbro  sheet  On  the 
north  abmpt  ridges  and  narrow  gorges  in  the  vertioal  eastward- 
trending  folds  of  the  Eeewatln;  on  the  south  a  smooth  plain  of 
black  slates  covered  by  till,  sloping  gently  sonthward  for  fifty  miles. 
North  of  the  granite,  on  the  Dalnth  and  Iron  Range  railroad,  rook- 
onts  are  frequent;  eonth  of  it,  on  the  Doluth,  Missabe  and  Korth- 
eni,  there  is  not  a  rook-oat  for  forty  miles.  These  differences  can 
be  explained  in  only  one  way — the  limitatioD  of  the  early  Taconic 
ooean  by  this  granite  shore. 

Datb  o?  the  Giant's  Banqe  Upliit. 

An  examination  of  the  granite  range,  which  liee  just  north  of  the 
Mesabi  iron  belt,  makes  it  evident  that  the  granite  hilts  have  been 
uplifted — nndonbtedly  without  mnob  accompanying  metamorpbiem 
or  other  distorbanoe — since  the  snperinonmbent  Taconic  strata 
vere  deposited. 

Proof  of  this  is  found  in  the  vicinity  of  Birch  lake.  Here  the 
qnaitEyte  of  the  Taconic  is  seen  north  of  the  summit  of  the  Giant's 
range,  bat  600  feet  below,  on  the  shores  of  the  lake  and  still  con- 
fined to  the  south  of  the  granite  belt 
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It  has  been  remarked  that  the  quartzyte  and  magnetite  strata 
which  lie  on  the  granite  aoath  of  Birch  lake  are  almost  up  to  the 
Tery  summit  of  the  Giant's  range.*  The  force  of  the  ice  sheet 
most  have  been  very  strongly  felt  on  this  exposed  ridge,  and 
erosion  would  be  carried  to  a  greater  depth  here  than  elsewhere. 
The  fact  that  the  Taconic  strata  are  still  found  in  such  an  exposed 
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sitostion  is  proof  that  the  eotice  ridge  wu  formerly  oovered  bj  a 
considerable  thjoknass  of  theee  rocka,  and  moBt  have  been  elevated 
in  that  cocditioo. 

At  the  same  time  it  is  troe  that  the  fact  that  the  Taoouio  atrata 
do  Dot  extend  north  of  the  Giant's  range,  is  an  indication  that 
there  vas  s  ridge  of  some  sort  there  daring  Taoonic  time.  It  thoa 
appear*  probable  that  the  entire  r^on  north  of  the  granite  ma; 
formerly  have  been  higher  than  now — perhaps  even  higher  than 
the  granite  ridge— and  has  ainoe  anbeided  to  its  present  leveL 
The  elevation  of  the  granite  hills  was  thus  acoompanied  by  a 
depression  both  soath  and  north. 

Cause  of  the  Giant's  Banqe  Uplift. 

In  searching  for  an  explanation  of  the  gradual  elevation  of  the 
Giant's  range  it  is  natural  to  look  to  the  sonth,  towards  the  lake 
basis,  which  is  its  apparent  complement  The  immenBe  load  of 
eruptive  rock  piled  up  on  the  north  shore  of  lake  Superior  oonld 
scarcely  fail  to  prodoce  a  sinking  of  the  crust  in  that  region.  A 
depreBBion  in  one  part  of  the  orost  must  be  followed  or  aeoom- 
panied  by  a  corresponding  change  in  contour  and  an  elevati<m  at 
some  other  place.  Hence  the  most  natural  explanation  of  the  hill 
range,  which  now  forms  the  chief  water-shed  of  Minntssota,  is  in 
the  formation  of  the  lake  Superior  basin  and  the  outflow  of  great 
sheets  of  trap  and  gabbro. 

These  eruptions  did  not  all  occur  at  one  time,  part  of  them  being 
found  OS  inter-bedded  or  laooolitio  sheets  in  the  Taoonic  strata. 
The  upward  movement  of  the  range  was  gradual,  corresponding  to 
the  gradual  accumulation  of  sediments  and  flows  farther  south. 
There  is  not  found  in  the  quarzytes  and  elates,  which  now  lie  upon 
the  granite  hilU  at  an  elevation  of  fourteen  hundred  feetabovethe 
water  of  lake  Superior,  any  stratigraphio  deformation  or  min- 
eralogio  alteration  which  requires  the  supposition  of  rapid  eleva- 
tion. From  this  it  follows  that  the  petrographio  nature  of  the 
Giant's  range  woe  practically  the  same  aa  it  is  now,  at  the  com- 
mencement of  Taconio  time.  Metamorphism  intense  enough  to 
produce  the  crystalline  rocks  of  the  range,  would  have  had  a 
similar  effect  on  any  strata  resting  upon  them.  But  the  slatee 
and  other  rocks  of  the  Mesabi  do  not  show  any  evidence  of  met- 
amorphosing agents  aside  from  the  superinoumbent  gabbro.  The 
stratification  is  not  destroyed,  nor  disturbed  to  any  considerable 
extent,  while  the  mineralogical  changes  observed  are  more  likely 
to  be  the  result  of  aqueous  than  of  igneous  action. 
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We  luTe  here  s  simple  chain  ol  reaBoning  from  wbioh  to  ialer 
the  eolation  of  %he  as  yet  anssttled  qnestioD  of  the  stratigrapluo 
position  of  the  gabbro: 

Ijst  The  elsTation  of  the  Giant's  range  to  its  present  position  is 
post>Tao(mio. 

2nd.  The  elerstion  of  the  Giant's  range  was  oaosed  by  the 
gabbro,  hence 

3rd.    The  gabbro  is  post-Taconic. 

This  agrees  with  the  observations  and  oonclnsions  of  B.  D- 
Irving  in  the  vicinity  of  Gnnflint  and  Loon  lakes.  He  has  given  a 
seotioa  sonth  of  tbese  lakes  which  shows  the  olivine  gebbro  lying 
OD  top  of  the  Animikie  blaok  slates  and  traps.* 

Obdeb  of  Btbatigbafht  on  the  Mesabi. 

The  rooks  exposed  on  the  Mesabi  are  the  following,  in  descend- 
ing wder: 

L     Gabbro  QDoonformebte  on  all  ttie  foUowing,    Taoc»iio. 
3.     Blaok  slates — Animikie,     .       -       -        -    Taoonio. 

3.  Greenish  siliceous  elates  and  cherts,       -       Taoonio. 

4.  Iron  ore  and  taoonyte  horizon,    -        -        -    Taoonio. 
6.     Qoartsyte  onoonformsble  on  6  and  7,      -        Taoonio. 

6.  Green  sidiists  of  the  Keewatin,  .        -        -    Arohsaau. 

7.  Granite  or  syenite  of  the  Giant's  range,  Archtean. 

It  will  be  proper  to  give  a  brief  description  of  the  appearanee 
•od  oooorrenoe  of  each  of  these  divisions.  It  is  essential  tor 
efXHiomicBl  exploration  on  the  range,  that  these  different  rook 
horiBons  be  reoogniaed  and  distingnisfaed  from  each  other.  The 
object  of  this  sketch  of  the  Mesabi  range  is  more  for  the  purpose 
of  famishing  a  reliable  and  simple  aooonnt  which  will  be  nnder- 
stood  and  applied  in  fatare  development,  than  a  scientific  discos- 
sion  of  the  sabject.  To  the  explorer  the  difference  between  the 
green  slates  of  the  Taconic  and  the  green  schists  of  the  Keewatin 
is  of  the  utmost  importance.  The  former  lie,  for  the  most  part, 
above  the  ore  horizon  aod  the  latter  entirely  beneath  it  If  he 
eannot  dietingaish  them  at  sight  he  cannot  tell  which  way  to  direet 
his  line  of  test-pits,  nor  when  to  stop  work  in  any  one  of  them. 
If  he  calls  the  chert  "gaartzyte,"  and  then  oonclades  that  he  is 
below  the  ore  beoease  the  qaartzyte  lies  below  it,  he  again  makes 
a  mistake  and  one  which  may  be  very  costly  or  resolt  in  his 
missing  his  ore  body  entirely.  Many  similar  instances  have  oome 
ander  my  ol>servatioa.     It  is  by  determining  sach  qnestione  as 
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these  that  geology  aids  the  explorer  and  miner.  Although  an 
elementary  knowledge  of  mineralogy  and  the  oompositioD  of  the 
more  common  rooks  would  oaBiat  in  an  anderstanding  of  the  next 
few  paragraphs,  yet  the  principles  laid  down  are  so  onirersal  and 
the  distinotioiis  so  obvious,  that  it  is  believed  they  can  be  under- 
stood and  applied  by  anyone  who  reads  them. 

7.     Gbanite  of  the  Qiakt's  Banob. 

The  granite  or  syenite  of  the  Giant's  range  lies  north  of  the 
iron  belt  of  the  Mesabi.  It  forms  high  rounded  ridges  of  pink  or 
gray  crystalline  rock.  It  is  compoeed  of  rather  coarse  orystalline 
grains  of  gray  or  flesh-oolored  feldspar,  bluish  translucent  quartz 
and  black  mica  or  hornblende.  It  usually  possesses  no  bedded 
Btmctnre  and  can  be  broken  with  almost  equal  ease  in  any  direc- 
tion. It  is  older  than  the  rooks  of  the  iron  formation  proper,  and 
lies  beneath  them  from  the  Mountain  Iron  mine  westward.'  It  has 
on  the  north  a  belt  of  crystalliue  mica  and  hornblende  schists,  and 
on  the  south  seems  to  have  a  direct  transition  into 

6.    Green  Schists  of  the  Eeewatin. 

These  schists  constitute  the  rook  commonly  called  "greenstone," 
or  "dioryte"  by  explorers.  They  are  gray  to  green  in  color,  softer 
than  the  granite  and  have  an  earthy  appearance  instead  of  a 
bright  crystalline  lustre  like  the  mica  schists.  The  green  schist 
has  a  cleavage  which  is  nearly  vertical — when  it  is  not  massive. 
It  never  occurs  in  horizontal  layers  like  the  quartzyte  and  slate. 
The  lower  bed  of  the  Mesabi  ore  formation,  i.  e.,  the  basal 
quartzyte, — always  rests  apoa  this  Archaean  greeu  schist  or  upon 
the  granite,  and  the  nature  and  extent  of  the  ore  bodies  seem  to  be 
entirely  independent  of  the  underlying  rook. 

The  green  schist  does  not  always  follow  the  course  of  the  fin- 
ite range.  It  diverges  and  forms  minor  ridges,  nplifting  the 
quarzyte  and  iron  strata  for  a  distance  of  several  miles  from  the 
main  ridge.  The  preeenoe  of  these  ridges  of  granite  or  green 
schists,  whether  exposed  or  not,  is  one  of  the  easentiob  to  the  exist- 
ence of  a  body  of  soft  ore,  as  we  shall  see  later.  This  green  schist 
is  the  same  as  that  of  the  VermiiioQ  iron  range,  and  it  is  not  im- 
possible that  lenses  of  hard  iron  ore  may  be  discovered  in  it  in 
some  place  beneath  the  ore  of  the  Mesabi.  These  schists  are  cov- 
ered in  many  places  by 
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9.     QUABTZTTK  UNOOMTOBMABI.E  OH   THS    SCHIBTB   AND   GrANITB. 

This  rock  is  the  lowest  member  of  the  Taoonic  strata  which  oon- 
Btitote  the  Meeabi  iron  formation.  It  is  white,  gray,  greeo,  pink 
or  purple,  and  is  oomposed  of  roanded  grains  of  sand,  mostly  silica. 
It  never  has  a  high  dip  so  far  as  seen  on  that  portion  of  the  range 
west  of  the  gabbro  oTerflow.  Where  it  lies  apon  granite  it  is  pink 
or  white,  or  may  be  stained  red  by  iron  oxide.  Where  it  rests  on 
green  sohist  it  is  finer  grained,  nsnally  in  thinner  strata  and  gray 
or  greenish  in  oolor.  Near  the  bottom  it  often  contains  pebbles  of 
qnartK  and  graiiittj,  as  well  as  jasper  and  greenstone.  It  has  also 
been  obBerved  to  contain  white  or  pink  mica  in  horizontal  scales  as 
luge  B8  half  an  inch  across.  In  some  thin  sections  the  se^ndary 
enlargement  of  the  qnartz  grains  is  well  shown.  In  others  the 
grains  fit  closely  together  and  there  are  few  interstitial  spaces,  al- 
thongfi  the  quartz  is  crystalline.  Where  it  is  found  in  test-pits 
under  the  ore  it  has  nsnally  lost  its  ofaaracter  of  hard  vitreons 
qaulEyte  for  some  distance  below  the  contact,  and  ie  a  soft,  coarse, 
orambling  sandstone,  white  or  iron  stained.  No  merchantable 
iron  ore  is  fonnd  in  or  below  this  qnartzyte,  unless  it  shoald  be  in 
the  green  schist,  and  when  this  rock  is  enooantered  in  a  test-pit 
vork  shoald  be  discootinned  as  qoickly  as  it  wonld  l>e  in  the  gran- 
ite (M*  green  schist.  This  qnartzyte  lies  immediately  under  the 
taconyte  horizoD. 

Its  poeitiou  with  reference  to  the  black  slates  has  been  a  matter 
of  some  difference  of  opinion,  and  the  writer  formerly  believed  it 
to  belong  above  them.  There  seems  to  be  no  qaestion  now,  how- 
eTer,  that  this  is  the  same  as  the  Pewabic  qnartzyte  at  Qnnfiint 
lake  and  the  Fokegama  qnartzyte  of  the  Mississippi  river,  and  that 
it  is  the  lowest  member  of  the  Taoonic.  It  has  been  assigned  to 
the  Cmtaceoos,  Potsdam  and  Hnronian  by  different  geologists. 
Prot  N.  H.  Winohell  believes  it  to  be  the  eqaivalent  of  the  Pots- 
dam qnartzyte  of  New  York.  It  oconrs  at  Sioux  Falls,  Sonth  Da- 
kota, and  at  Baraboo,  Wisconsin,  in  similar  association  with  nnder- 
lying  granite  and  overlying  iron  bearing  rooks; 

4.    Iron  Ore  and  Tacohite  Horizon. 

Besting  immediately  npon  the  basal  qnartzyte,  and  apparently 
conformable  with  it,  is  a  series  of  strata  which  preeent  very  differ- 
ent appearances  in  different  localities,  and  which  constitute  the 
iron  ore  deposits  in  sitnatinns  favorable  for  their  accnmnlation. 
These  strata  consist  of  siliceons  and  sometimes  calcareous  rocka 
banded  with  oxide  of  iron  or  iron  ore.    The  ore  occars  in  streaks 
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or  beds  of  indefinite  length  &ai  thiokneea.  It  is  sometiineB  maij- 
netite,  Bometimee  hematite,  hard  or  soft  The  rook  which  enoloBes 
theee  bands  may  be  called  a  jaapery  qnartzyte,  bat  it  contains 
mnch  besides  silica.  It  is  oE  various  oolora,  bnt  oeaally  gray.  It 
is  occasionally  cberty,  often  brecciated  and  sometimes  oonglom- 
eritic.  There  are  layers  of  jasper  having  a  peculiar  mottled  and 
streamed  appearance;  there  are  others  of  fine  quartz  grains  more 
or  lees  mingled  with  grains  of  iron  oxide;  others  again  are  so  fine 
grained  as  to  be  flinty,  with  amorphous  silica,  which  evinces  great 
readiness  to  dieeolve  Eind  leave  cavities  or  soft  porons  streaks  in  the 
ledge.  In  its  fresh  gray  condition  one  portion  of  it  does  not  pre- 
sent mscrosoopicsliy  individnalized  constituents.  The  silica  is 
clouded  with  some  grayish  or  greenish  element  which  appears  to 
contain  a  percentage  of  lime  or  iron  carbonate.  This  rock  is  wide- 
ly spread  over  the  whole  length  of  the  Mesabi,  and  being  different 
from  anything  found  elsewhere  and  peculiar  to  this  horizon  of  ihe 
Taoonic,  has  been  called  taconyte  by  the  writer.  It  has  not  been 
stadied  microsoopally  or  chemically  as  yet. ,  The  examination  of 
specimens  now  on  hand  will  probably  yield  further  interesting  in- 
formation as  to  its  nature  and  origin. 

This  banded  jaspery  qnartzyte  or  taconyte  horizon  is  not  of  great 
thickness.  There  is  a  rather  abrupt  transition  below  into  quartz- 
yte,  but  a  more  gradual  one  into  the  biliceons  slate  and  chert 
member  above. 

The  percnntage  of  iron  in  this  rock  as  it  occurs  unaltered  is  sel- 
dom sufficient  to  make  it  a  merchantable  ore,  though  there  may  be 
found  layers  of  ore  in  it  thick  enough  to  work  profitably  like  tbose 
west  of  Gonflint  lake  in  T.  65-4.  It  is  not  to  be  expected  that  there 
will  be  any  mines  of  magnetic  ore  on  the  central  portion  of  the 
range.  The  taconyte,  however,  is  found  in  all  degrees  of  altera- 
tion into  good  iron  ore.  The  nature  of  this  alteration  will  be  ex- 
plained later.  It  is  only  necessary  to  add  here  that  this  is  the  hor- 
izon to  follow  in  the  search  for  ore.  It  is  the  rook  which  contains 
and  prodacea  the  ore,  and  test-pits  which  reveal  this  member  of  the 
Taconic  formation  are  not  discouraging.  Having  found  it  the  next 
thing  ia  to  find  some  aniform,  even  slope  of  considerable  descent 
and  let  the  test- pits  follow  it  down,  be  it  north,  east,  south  or  west. 

3.    Greenish  Siliosous  Slates  and  Cherts. 

These  strata  constitute  a  sort  of  transition  stage  between  the 
rocks  of  the  iron  horizon  and  the  black  slates.  There  is  no  proof 
of  any  uroonformity  either  above  or  below  this  member,  but  litho- 
logically  it  is  distinct  from  the  rest.     There  is  a  coosiderabla  mix- 
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tore  of  greenisli  m&terial,  apparently  of  eraptive  origin,  either 
intimately  mixed  with  the  silica  and  fine  argillaeeooa  matter  or  in 
separate  atreaks.  Even  the  extremely  silioeouB  oherts  which  oob- 
ititate  the  upper  part  of  this  horizon  ooooaionally  present  a  green 
ish  appearanoe  dae  to  intermixture  vith  this  basic  element  There 
u  ennetimes  found  a  layer  of  dense  bnt  soft  black  argillyte  in  thii 
tone,  which  seems  to  be  an  indication  of  the  great  thickaesa  of 
atmilar  rocks  to  be  deposited  later. 

The  ehert  is  red,  yellow,  blaok,  white  or  green,  and  in  tiie  Than* 
der  Bay  region  has  a  thiokness  of  two  or  three  hundred  feet  It  n 
not  known  how  thick  it  is  on  the  central  MesabL  It  is  not  strictly 
oonfined  to  this  memlrar  of  the  Taconic,  but  is  occasionally  fonnd 
us  low  as  the  basal  qnartzyte,  and  above  high  ap  in  the  slates.  Its 
emtent  of  silica  varies  greatly.  Now  it  will  have  the  appearanoe 
of  pnre  translaoent  chalcedony,  and  again  it  is  mixed  with  oxide  of 
inm  or  some  carbonate  of  lime  and  iron.  It  freqaeotly  posseenes  a 
pecnliar  breccisted  appearance,  having  been  thoroughly  shattered 
into  angular  fragments  which  are  re-cemented  by  the  same  amor- 
phoas  silica. 

This  angular  fracturing  or  jointing  is  also  visible  in  the  iron  ore, 
eren  when  it  is  soft  enough  to  excavate  with  pick  and  shovel  It 
iB  more  difficult  to  aoooant  for  the  large  amount  of  silica  in  these 
eberts,  which  lie  above  the  iron  ore  horizon,  than  for  that  which 
baa  enlarged  and  cemented  the  grains  of  the  qnartzyte  below  the 
on.  In  the  latter  case  the  silica  has  been  removed  in  carbonated 
solutions  from  the  ferriferona  layers  dovn  into  the  qnartzyte  and 
there  deposited.  How  it  came  to  be  aocomalated  in  such  quantity 
at  the  chert  horizon  is  a  matter  for  future  study.  When  the  ex- 
plorer finds  this  flinty  slate  formation  it  is  safe  to  conclude  that  he 
is  above  the  ore  horizon  (that  is,  above  where  the  ore  is,  if  there  ie 
my  there)  and  most  go  deeper  or  farther  up  the  general  slope  of 
the  T^on. 

2.    Anikikib  Black  Slates. 

The  upper  slaty  strata  of  the  last  division  soon  pass  into  this, 
wMch,  so  far  as  examined  on  the  central  part  of  the  range,  consists 
entirely  of  several  hundred  feet  of  carbonaceous  argillytes.  Dia- 
mond drill  records  do  nob  show  the  presence  of  the  interbedded 
traps  which  are  seen  in  the  same  horizon  around  Gnnflint  lake  and 
eastward.  It  is  possible  that  these  emptivee  may  be  higher  np  in 
these  slates  and  will  be  discovered  by  future  drilling  farther  sonih. 
These  slates  have  the  usual  dip  of  the  entire  Taconic  series  on  the 
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Meaabi,  viz.,  from  horizontal  to  20°  to  the  south  or  sontheaaL  The 
dip  ia  locally  aa  high  as  45°  ia  some  of  the  ore  deposits  where  tliey 
lie  oloae  to  the  green  schiat. 

These  slates  are  sapposed  to  extend  southward  under  the  gabbro 
to  the  St  Louis  river,  and  then  to  Appear  again  with  a  high  dip  and 
somewhat  distorted  atratifioation.  If  the  St.  Lonia  river  slates  are 
Animikie,  as  aappoaed,  it  is  quite  likely  that  the  lower  horizon  of 
iron  ore  saA  qaartzyte  may  also  oome  to  the  sarfaoe  in  the  same 
vicinity,  and  thns  still  another  iron  range  may  be  discovered, 
still  nearer  Dolath.  It  is  obvious,  however,  that  with  the  high  dip 
of  the  at.  Lonie  slates  the  ore  deposits  would  soon  lead  to  deep 
mining  and  lose  the  advantages  which  the  Mesabi  possesses  is  lying 
in  flat  deposits. 

The  praotioal  inference  to  be  drawn  from  blaek  elate  ontorops  on 
the  Meeabi  is  that  they  are  always  above  the  iron  ore  horizon,  and 
sarfaoe  exploration  most  be  pursued  in  the  direction  contrary  to 
the  dip. 

The  task  of  test-pitting  through  tho  black  slates  is  almost  a  hope* 
lees  one,  for  the  dip  is  sufficient  to  make  a  depth  of  several  then- 
aand  feet  in  a  few  mile&  In  case  of  diamond  drilling,  where  the 
property  ia  all  within  the  slate  area,  the  only  general  advice  is  to 
get  as  near  the  north  pide  of  the  property  aa  possible,  for  if  there 
is  any  ore  under  the  slate  it  will  be  found  in  a  shorter  vertical  dis- 
tsDoe  there  than  farther  south. 

1.    Oabbro. 

This  rook  ia  sometimes  called  "granite"  by  explorers.  I  have 
heard  some  of  them  say  that  there  ia  granite  on  both  aides  of  the 
ore  belt  in  59-14.  But  the  average  explorer  knowa  the  difference 
between  granite  and  gabbro.  Granite  has  a  pink  color  and  oon- 
taina  cryatalline  graina  of  lavender  blue  quartz,  together  with  mioa 
or  hornblende. 

Gabbro  is  gray — seldom  if  ever  pink,  and  contains  no  free  qnsrtz. 
It  is  almost  wholly  composed  of  gray  feldspar  (labradorite),  which 
baa  pearly  and  often  striated  cleavage  planes  and  is  softer  than 
quartz.  The  hills  sonth  of  the  iron  belt  in  58-16  are  composed  of 
this  gabbro,  which  probably  lies  above  the  black  slates  and  onder- 
lying  iron  rocks.  The  gabbro  poured  out  of  the  earth's  surface 
like  lava  and  flowed  north  over  the  surface  of  the  country,  tipping 
the  rooka  up  on  edge  and  sometimes  floating  along  huge  slabs  of 
the  Taoonic  strata  several  hundred  feet  long,  which  are  now  found 
standing  at  yarioos  angles  surroonded  by  the  cooled  gabbro. 
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Prom  Biroh  lake  eastward  for  several  miles  the  gabbro  floved  so 
1st  north  as  to  oover  the  iron  belt  completely  and  we  now  find  it 
tying  on  the  granite.  T^e  effect  of  the  heat  of  this  molten  gabbro 
wu  to  make  the  iron  ore,  wMoh  already  existed  in  the  rooks,  hard 
and  magnetio,  and  this  effect  seems  to  have  been  felt  for  miles 
away  from  the  edge  of  the  gabbra 

Other  minerals  besidee  iron  were  ohanged  by  the  same  agenoy, 
and  even  so  hard  a  look  as  the  qnartsyte  was  so  changed  that  sam- 
ples of  it  have  recently  been  designated  "altered  gabbro"  by  an 
esBtem  petrograpber. 

There  is  good  reason  to  believe  that  the  iron  ore  depoBite  in  their 
present  oondition  have  been  formed  principally  since  the  gabbro 
overflow.  There  was  a  certain  amoont  of  iron  in  the  rocks  origin- 
ally, bat  this  has  been  greatly  augmented  and  concentrated  in  more 
noent  times. 

Aooompanying  the  gabbro  is  freijaently  more  or  less  black  mag- 
netio ore,  which  carries  an  injarioon  amoant  of  titanic  acid.  This 
black  ore  oconrs  in  grains  in  the  rock  nearly  everywhere,  and  some- 
times forms  large  deposits.  It  has  a  dall  Instre  and  is  not  finely 
granntar  like  the  magnetite  of  the  Taconio  strata.  It  also  lacks  the 
endenoee  of  stratification  everywhere  visible  in  the  qoartzyte  and 
aaBooiated  ores. 

The  northern  and  western  boandarieB  of  this  gabbro  sheet 
are  approximately  shown  on  the  geological  map  accompanying 
finlletin  Ma  6  of  the  geological  sarvey.  It  will  there  be  seen  Qiat 
there  is  no  traoe  of  this  rook  known  west  of  range  16,  and  it  is  to 
be  expected  that  the  slates  will  be  fonnd  immediately  under  the 
^adat  drift  west  of  the  gabbro.  The  ore  also  loses  its  magnetio 
quality  as  we  approach  the  Mississippi  river,  and  at  Prairie  river 
it  is  nearly  all  hematite. 

Although  parties  of  explorers  have  recently  gone  into  the  gabbro 
ares  on  Partridge  river,  equipped  for  teet-pittiug,  it  is  scarcely  ne- 
eeesary  to  say  that  there  is  no  good  reason  to  expect  merchantable 
iron  ore  deposits  in  or  under  this  eruptiTe  flow  in  any  place  bat 
along  tbe  northern  edge,  where  it  ooveis  the  ore  belt  Farther 
aonth  it  reaches  a  thickness  of  hundreds  of  feet,  and  the  slates  be- 
loT  are  still  hundreds  of  feet  almve  the  ore  horizon. 

The  advice  in  general  is:  Keep  away  from  the  gabbro.  Tbe  ore 
foond  under  it  will  be  magnetic,  may  be  titaniferons  and  is  sore 
to  be  mixed  with  lean  siliceous  portions  which  will  interfere  with 
cheap  mining. 
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OOOURRENCE  OF  THE  ORE. 

In  the  foregoing  pagea  it  has  already  been  indicated  how  the  ore 
oooaro.  Among  explorers  and  miners  oif  the  range  there  is  great 
oonfaeion  of  ideae  on  this  point.  It  is  said  to  be  in  veins,  and 
many  are  etill  searching  for  a  hanging  wall  and  predicting  that  the 
fiat  portions  occorring  wiUiont  one,  are  what  they  term  "slop- 
overs."  It  is  quite  common  to  be  told  that  the  vein  will  soon  take 
a  high  dip  to  the  south  and  go  down  at  an  angle  of  60°,  more  or 
less,  to  a  great  depth.  Those  who  entertain  this  opinion  go  still 
farther  and  look  for  the  ooutinaation  of  the  "Tein"  to  an  indefinite 
distance  across  the  oountry  in  one  direction.  The  proper  direction 
is  often  rather  absordly  ascertained  by  drawing  a  line  throngh  the 
locations  of  two  or  more  mines  on  the  map  and  extending  it  across 
adjacent  property  for  miles.  The  amoant  of  money  already  spent 
in  extremely  nnpromising  locations  that  have  bees  selected  in  this 
way  woald  bay  several  good  mines.  Others  say  that  the  ore  is  a 
sorfaoe  "wash"  which  has  settled  in  waters  of  very  recent  date  in 
tronghs  or  valleys.  Still  again  it  is  said  that  the  oree  are  enipt- 
ive,  and  the  shiny  limonite  coating  in  some  cavities  is  pointed  to 
as  unmistakable  evidence  of  fusion  and  rapid  cooling. 

-  The  moat  ancient  of  ideas  is  held  by  some  that  the  ore  deposits 
date  from  the  creation  of  the  world,  and  those  who  hold  this  idea 
say  wisely:  "  Where  it  is  there  it  is,  and  yon  cannot  see  any  farther 
into  the  ground  than  any  of  us,  nor  tell  aa  where  the  ore  is  likely 
to  ooour."  It  would  be  extremely  rash  to  deny  the  trath  of  the  old 
Cornish  sayings  but  repeated  experience  has  proven  that  a  knowl- 
edge of  the  geology  of  a  region  will  and  doee  enable  as  to  tell 
where  the  ore  probably  exists  and  where  it  does  not. 

The  occurrence  of  the  Mesabi  ores  is  not  in  veins  or  lodes.  No 
hanging  and  foot  wall  proper  are  to  be  f oand.  The  deposits  lie  on 
qaartzyte,  and  for  convenience  that  may  be  called  the  foot  wall, 
bat  it  has  not  the  same  significance  nor  does  it  bear  the  same  rela- 
tion to  the  ore  body  tiiat  a  true  foot  wall  bears  to  a  true  vein.  In 
rue  inBtanoee  the  ore  will  be  found  with  a  "  capping  "  of  jaspery 
qaartzyte  or  taconyte  varying  in  thickness  from  a  few  inches  to 
thirty  feet  or  more.  This  will  be  called  a  hanging  wall,  but  not 
properly.  Moreover,  the  ooaree  of  the  ore  deposits  is  not  persist- 
ent in  one  direction  unless  the  elope  of  the  ridge  on  which  they  lie 
has  a  straight  trend.  The  soft  ore  bodies  follow  the  slopes,  and 
when  they  change  direction  the  ore  deposit  usually  either  comes  to 
an  end  or  changes  also.  This  can  be  seen  at  several  plaoes,  but 
especially  marked  at  the  Mountain  Iron  mine.    The  ore  first  dis- 
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florered  lies  in  a  horae-elioe  basin,  the  sides  of  which  are  high  and 
bare  a  steep  slope.  The  ore  follows  the  aide  of  this  basin  and  is 
dieoovered  in  pits  which  follow  the  slope  aroand  to  the  northwest, 
as  well  as  on  a  subordinate  ridge  which  rnns  soath  and  sontheast 
for  half  a  mile.  There  is  no  principle  more  aniversal  on  the  range 
than  this:  the  presence  or  absence  of  an  ore  body  depends  on  the 
pieseuce  or  absence  of  an  elevation,  on  the  slope  of  which  the 
proper  horizon  of  Taconio  strata  oo(;ar8.  This  ides  will  be  further 
explained  in  disonssing  the  origin  of  the  ore. 

The  ore  deposits  are  not  likely  to  assume  a  high  dip  and  thus 
to  extend  to  great  depths.  On  the  contrary,  as  we  go  sonth  away 
from  the  granite  and  green  Schist  ridges,  the  entire  formation 
flattens  down  and  the  dip  is  hardly  perceptible.  This  fact  is  not 
indicati'Te  of  the  existence  of  soft  ore  deposits  under  the  slates  at 
greet  distances  soath  from  the  iron  belt,  as  at  present  defined. 

The  ideds  of  sorfaoe  "wash"  and  emptive  flows  are  also  neces- 
Bsrily  discarded.  The  existence  of  oceanic  stratifioatiou  and  the 
Sequent  transition  from  soft  ore  into  the  rock  strata  of  the  ancient 
Taconio  are  alone  sufficient  to  disprove  both  of  these  ideas. 
Moreover,  there  is  no  trace  of  the  chemical  action  which  would 
have  taken  place  if  the  ores  were  eruptions,  nor  does  the  physical 
character  of  the  ore  harmonize  with  this  idea.  The  deposition  of 
limonite  in  shiny  coatings  in  crevices  and  elsewhere,  is  by  the 
action  of  aqueous  solutions,  and  instead  of  being  an  indication  of 
heat  is  jnst  the  reverse. 

Orb  Depobits  Oooub  in  Beds. 

The  Mesabi  ore  deposits  are  in  regular  beds.  They  constitute 
port  of  the  Taconic  strata  and  are  still  in  almost  their  original 
poeiticm.  They  are  part  of  the  horizon  which  lies  next  above  the 
basal  qnartzyte.  They  grade  into  the  rocks  of  this  horizon  in  all 
directions  laterally,  and  oocasionatly  both  above  and  below.  As  a 
mle,  however,  the  ore  lies  directly  on  the  softened  and  disinte- 
grated basal  quartzyte  which  does  not  contain  much  iron  oxide. 
The  bedding  planes  of  the  original  strata  are  perfectly  preserved 
in  the  ore,  as  are  the  joints  and  even  the  differences  in  texture  of 
the  various  layers  of  jasper,  chert,  coarse  and  fine  taoonyte  and 
BUte. 

The  ore  deposits  thus  far  discovered  on  the  Mesabi,  with  few 
exceptions,  lie  just  below  the  glacial  till,  which  varies  in  depth 
from  a  few  inches  to  one  hundred  feet  The  ore  body  has  a  depth 
equally  as  great,  and  asaally  is  wedge-shaped  with  the  narrow  end 
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or  Bide  lying  toward  the  top  of  the  slope  and  the  tbickeet  portion 
farther  down.  There  may  be  oooasioD&Uy  a  knoll  or  ridge  of 
jaapery  qaarlzyte  lying  above  the  earface  plane  of  the  slope.  In 
this  oase  the  ore  generally  passes  under  the  knoll,  which  thoB 
forms  a  cttpping;  bat  occasionally  this  hard  knotl  or  ridge  extends 
downward  unaltered  to  the  basal  qnartzyte  and  constitntes  & 
"horse"  in  the  ore  body.  These  "horses"  are  called  "dykes"  by 
some  explorers.  They  are  not  trne  dykes,  however,  bat  parts  of 
the  general  formatioD  which  do  not  oat  throagh  the  qnartzyte 
below  the  ore,  as  eruptive  dykes  wonld. 

Trne  dykes  are  not  common  along  the  range,  and  their  absence 
constitutes  cue  of  the  chief  points  of  ditferenoe  between  the  ' 
Messbi  and  the  Penokee-Gogebic.  The  acoumnlatiou  of  the 
Mesabi  ores  cannot  be  due  in  any  way  to  dykes,  for  there  are 
none  associated  with  the  ore,  and  no  ore  where  dykes  are  found. 
This  fact  imlicates  that  perhaps  the  ore  deposits  on  the  Penokee- 
Gogebic,  instead  of  being  produced  throagh  the  agency  of  the 
dykes  in  forming  troughs  in  which  the  ore  was  deposited,  have 
been  formed  in  spiie  of  the  dykes  and  would  have  been  much 
deeper  and  more  extensive  had  it  not  been  for  them.  From  what 
can  be  seen  on  the  Mesabi,  dykes  and  even  troughs  are  anneces- 
sary  features,  the  ore  being  due  to  a  replacement  and  concentration 
process  which  has  proceeded  on  all  uninterrnpted  slopes  of  -suf- 
ficient pitch  where  the  proper  rocks  exist  for  such  a  change.  This 
operation  or  process  of  replacement,  moreover,  extended  as  far 
down  the  slope  as  the  local  conditions  have  permitted  siDce  the 
rucks  were  elevated  to  their  present  position.  It  the  slope  was  a 
long  one,  and  in  the  shape  of  a  large  basin,  the  ore  deposit  is 
laTE^e.  If  it  was  narrow  or  iuterrupled  by  numerous  gorges  or 
ridges,  the  ore  is  apt  to  be  limited  in  qnantity  and  of  poorer  quality. 
Where  there  was  an  opportunity  for  the  greatest  freedom  of  drain- 
age and  the  most  extensive  percolation  of  solutions  through  the 
rooks  for  a  considerable  thickness,  and  over  a  considerable  ares, 
there  are  found  the  purest  and  largest  accumulations  of  ore. 

It  is  quite  possible  that  there  may  be  in  places  two  or  more  par- 
allel lenses  of  ore  separated  by  ridges  of  unaltered  taoonyte.  This 
might  easily  occur  where  the  taoonyte  horizon  is  uncovered  over  a 
considerable  area  and  where  the  surface  consists  of  an  undulating 
succession  of  ridges  with  gradual  slopes.  The  usual  dip  of  the 
Taoonio  rocks  on  the  Mesabi  is  so  slight  that  it  does  not  always 
exceed  the  general  slope  of  the  surface  of  the  country  south  of  the 
Giant's  range.  For  this  reason  there  may  oooasiooally  be  a  sno- 
oession  of  elevations,  on  the  sides  of  which  arexire  deTU>BitB;and 
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sinoe  the  elevated  portions  of 
these  ridgee  are  uBottlly  mog- 
netitio  and  the  ore  bodies  are 
not,  a  dip  needle  may  be  osed 
to  advantage  in  locating  the 
ore.  Fig.  2  illastrates  this 
idea. 

The  natnre  of  the  lateral 
and  lower  bonndariee  of  the 
ore  deposits  will  be  more  or 
less  a  matter  of  specolation 
until  some  are  mined  oat. 
The  extensive  developments 
and  the  large  production  of 
ore  already  arranged  for, 
promise  interesting  revela- 
tions within  the  next  two  or 
three  years.  At  the  present 
time,  however,  some  idea  of 
the  appearance  of  the  open 
pits,  when  the  ore  has  been 
mined  ont,  can  be  gained  from 
a  consideratioD  of  its  mode  of 
occnrrenoe,  as  already  known. 

The  apperedgeis generally 
thin  sod  rather  the  poorest 
ore.  If  this  part  of  the  ore 
is  stripped  and  taken  oat  it 
vitl  leave  the  basal  qnartzyte 
exposed,  dipping  south  at  an 
angle  of  lO"  to  40".  The 
)ower  side  of  the  ore  bed  is 
nuae  or  less  mixed  with  sand 
from  this  qnartzyte.  Hence 
the  bottom  of  the  open  pits 
will  be  an  almost  plane  sur- 
face dipping  as  the  qnartzyte 
dips,  and  at  a  short  distance 
resembling  soft  ore  more  than 
qnartzyte.  The  ore  will  grad- 
ually deteriorate  below  a 
certain  depth  in  all  pits  and  in 
an  axcaration  nntil  it  beoomes 
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The  Bides  of  the  ore  bodies  will  present  rather  abrupt  transitioiu 
into  the  jaspery  qoartzjte  of  the  iron  ore  and  taoonyte  horizoD.  It 
is  not  to  be  supposed  that  the  limits  of  the  soft  ore  will  be  maikod 
by  a  wall  or  definite  bonndary  plane  on  any  side  or  at  the  loveet 
edge.  It  is  rather  to  be  believed  that  the  ore  extends  into  the 
rooks  in  sheets  of  variable  thickuese,  and  that  when  followed  up 
and  mined  ont,  the  lower  edge  of  the  remaining  open  pit  will 
have  s  very  ragged  appearance  something  like  the  following, 
figoie  3. 

The  ore  on  the  lower,  thicker  edge  may  also  be  expected  to  du- 
teriorate  and  become  more  like  paint  rock  and  earthy  than  the 
tower  strata,  which  are  mixed  with  sand.  The  capping  or  hard 
ridges  already  mentioned  may  present  some  interesting  examples 
of  the  process  of  the  replacement  of  silica  by  oxide  of  iron,  which 
can  be  easily  examined  and  studied  when  the  sorronnding  ore  ib 
removed. 

There  are  other  interesting  phenomena  which  can  only  be  ex- 
plained fally  when  the  ore  in  their  vicinity  is  removed.  There 
appears  to  be  a  gorge  on  the  Lone  Jack  and  Missabe  Moautain 
properties,  excavated  to  the  depth  of  sixty  feet  in  the  soft  ore  by 
some  preglacial  stream  and  snbseqaently  filled  with  roanded,  wa- 
ter-worn pebbles  of  hard  ore.  Test-pits  on  each  side  of  this  gorge 
filled  with  ore-gravel  encounter  fine,  soft  hematite  just  below  the 
glacial  drift,  which  does  not  here  exceed  twenty  feet  in  depth.  At 
the  bottom  of  this  ore  gravel  is  a  stratified  layer  or  series  of  layers 
of  white  kaolin,  more  or  less  stained  and  mingled  with  fine  red  iron 
ore.  This  layer  varies  from  a  few  inches  to  twelve  feet  in  thick- 
ness and  its  true  nature  has  not  been  ascertained.  Below  it  is 
found  the  same  blue  hematite  which  occurs  in  the  test-pits  on  both 
sides  of  the  gorge  sixty  feet  nearer  the  surface. 

There  are  also  gorges  apparently  scraped  out  by  solid  ice  and 
filled  by  sand  and  gravel.  On  the  Berringer  forty,  sea  4,  68-16,  a 
t^t-pit  seventy-two  feet  deep  has  been  sunk  at  the  edge  of  one  of 
these  gorges.  The  east  half  of  the  pit  passes  down  through  soft 
blue  hematite  from  the  depth  of  forty-eight  to  seventy-two  feet, 
while  the  west  half  of  the  pit  is  sand  and  gravel  for  the  same  dis- 
tance. The  wall  of  the  ore  is  nearly  perpendicular  and  seems  to 
have  been  planed  off.  A  short  distance  farther  west  there  is  a  teat- 
pit  nearly  one  hundred  feet  deep,  which  did  not  strike  anything 
but  glacial  till.  These  facts  are  an  indication  that  the  soft  or»  was 
essentially  in  its  present  condition  at  the  time  of  the  last  glacial 
epoch. 
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VARIETIES  OF  MESABI  IRON  ORE. 
Maonetitb. 

The  ore  of  the  eastern  portion  of  the  Mesabi  probably  owes  its 
magnetio  properties  to  the  heat  of  the  gabbro  overflow  npon  tiie 
hematites  whioh  were  deposited  in  the  rooks  at  the  time  of  their 
formation  in  the  oceanic  waters. 

Where  this  ore  is  associated  with  the  lower  beds  of  the  Taoonic 
it  is  rather  coarsely  granalar  and  shiny.  The  ore  whioh  occurs 
higher  up  in  the  horizon  is  fine  grained  and  compact,  having  a  high 
Bpeoifio  gravity.  Individaal  samples  of  this  ore  show  a  high  per- 
oeutc^;e  of  iron  and  a  low  content  of  phoaphorns  and  snlphnr.  Un- 
fortonately  it  seldom  occurs  in  beds  of  sufficient  depth  to  render  it 
valuable  without  concentration. 

It  is  noticeable  that  thera  is  a  small  percentage  of  magnetic 
grains  in  the  bine-black,  soft,  granular  hematite  of  the  oentral  por- 
tion of  the  range.  A  magnet  will  pick  out  grains  from  a  faandtal 
of  this  ore  from  almost  any  test-pit  in  whioh  it  occars.  Its  pres- 
ence adds  somewhat  to  the  percentage  of  iron  in  the  ore  and  does 
not  prodaoe  any  deleteriona  effect. 

Small  streaks  of  black,  shiny,  crumbling  grains  were  noticed  first 
in  the  teet-pitfl  on  the  Cincinnati  property.  They  were  at  once 
seen  to  be  magnetite,  bat  their  occnrrence  at  the  depth  of  sixty 
feet  in  solid  strata  of  limonite  and  hematite  was  a  sarprise.  The 
only  well  known  means  of  prodacing  magnetism  in  oxide  of  iron  is 
by  a  considerable  degree  of  heat.  It  is  evident  that  it  woald  be 
impossible  to  apply  heat  to  a  particular  streak  a  couple  of  inches 
thick  in  the  depths  of  such  a  deposit  as  that  without  also  heating 
adjacent  atrala.  Had  the  heat  come  from  above  all  that  portion  of 
the  deposit  lying  above  this  partioalar  layer  would  also  be  affected 
by  it.  Had  it  been  heated  in  some  way  from  below  there  would  be 
no  hydrated  ore  left  below  it. 

There  are  three  possible  hypotheses: 

1.  There  may  be  some  way  to  render  ores  magnetic  aside  from 
heating  them. 

2.  This  streak  may  have  been  healed  and  magnetized  afler  de- 
position in  its  present  position  before  the  adjacent  strata  hod 
their  present  chemical  composition. 

3.  The  ore  may  have  been  deposited  here  as  magnetite  orig- 
inally. 

In  the  Tenth  Annual  Report  of  the  U.  S.  Geologioal  Survey 
Prof.  Yan  Hise  has  advanced  the  idea  of  the  formation  of  magne- 
tites by  chemical  processes  during  the  oxidation  and  oonoentratioa 
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of  iron  earboDates.  He  sappoBes  that  in  the  preBsnoe  o(  an  ineaf- 
ficieot  amount  of-  oxygen,  siderite  may  have  been  altered  directly 
•into  magnetite.  As  a  proof  of  this  he  mentioaa  the  faet  that  some  of 
the  magnetite  ie  psendo-morphona  after  eiderite,  and  also  that  the 
hematite  and  magnetite  are  intimately  mingled  in  the  rooks  of  the 
Fenokee-Qogebio  range.  He  even  states  that  it  is  exceedingly 
probable  that  all  the  mi^gnetite  is  of  secondary  origin  by  chemical 
Blteration  of  siderite  at  a  low  temperstnre. 

In  the  caee  of  the  Mesabi  magnetites  we  may  admit  that  a  por- 
tion of  the  magnetic  grsine  may  have  been  produced  in  this  way. 
It  is,  however,  not  admitted  that  it  is  wholly  due  to  snob  action. 
There  are  abundant  evidenoes  that  much  of  thia  iron  ore  is  an 
original  constitaent  of  the  rocks,  as  siderite,  magnetite,  or  sesqui- 
oiide  of  iron,  probably  the  latter.  The  effect  of  a  gabbro  overflow 
would  certainly  be  to  reoder  this  original  ore  maguetic,  if  it  were 
not  already  so,  sod  less  liable  to  chemical  decomposition  than  the 
hematite  and  limonite.  The  magnetic  oxide  of  iron  is  its  most 
stable  oatural  oompoand.  It  is  often  found  unchanged  by  atmoe- 
pheric  agencies  in  exposed  situations  where  other  minerals  have 
been  deeply  eroded  and  oonsiderably  decomposed.  While  the 
oxidation  of  magnetite  into  hematite  is  possible  and  has  be^n 
observed  in  certain  localities,  it  is  not  so  oommon  as  the  series  of 
cha&gea  from  siderite  through  limonite  and  hematite  to  nLagnetite. 
The  psendomorphs  of  magnetite  after  siderite  mentioned  above 
may  be  hematite  psendomorphs  rendered  magnetic  by  heat 

One  diffiealty  in  the  way  of  an  acoeptance  of  the  idea  of  this 
method  of  the  formation  of  magnetite  on  the  Mesabi  is  the  fact  that 
the  magnetic  strata  are  found  near  the  surface  of  the  ground  where 
all  chemical  changes  for  a  great  space  of  time  have  been  accom- 
panied by  an  abundance  of  oxygen.  Prof.  Yan  Hise  supposes 
that  hundreds  of  feet,  perhaps  even  thousanda,  of  solid  rock  have 
been  removed  by  erosion  above  the  present  surface  on  the  Fenokee- 
Gogebic  range.  There  is  strong  evidence  that  no  such  depl^  of 
erosion  has  taken  place  on  the  Mesabi.  The  iron  ore  beds  are 
essentially  surface  products,  and  do  not  occur  under  any  great 
tbicknesa  of  rock  strata.  The  principal  agent  of  erosion  is  glacial 
action.  The  freshnese  of  glacial  striEB  and  the  drift  mantle  cover- 
ing the  rocks  show  that  no  postglacial  erosion  has  taken  place, 
and  it  is  not  likely  that  preglaoial  eroeion  was  conducted  to  such  a 
great  depth.  Moreover,  it  is  only  by  the  exposure  of  the  very 
strata  now  found  at  and  neai'  the  surface  during  all  the  ages  since 
the  gabbro  overflow,  that  snoh  extensive  alteration  deposits  can  be 
soconnted  for.     Hence,  unless  the  presence  of  some  powerful 
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rodaoing  agest  oan  be  pioren,  the  megnetio  element  of  tbe  rockB 
most  be  ezplaindd  in  some  way  which  admits  the  presence  of  an 
ezoesB  of  oxygen.  It  is  not  known  at  present  whether  tbe  magnet-' 
ite  extends  to  any  depth  under  the  elates  southward  or  not  All 
the  facts  we  possess  indicate  that  it  does  not.  The  heat  of  tbe 
gabbro  cannot  be  sapposed  to  acooant  for  the  existence  of  mag- 
netio  ore  in  the  rocks  twenty  miles  or  more  distant  It  may  be 
that  simple  sorface  weathering  of  long  daration  is  able  to  prodnoe 
magnetic  oxide  from  sesqai-oxide.  It  cannot  be  derived  from  a 
oarbonate,  for  the  resultant  of  surface  alteration  of  siderite  is  always 
a  seequi-oxide.  Admitting,  then,  that  further  study  is  necessary  to 
account  for  the  magnetic  strata  in  tbe  rocks  between  the  Mountain 
Iron  mine  and  the  Mississippi  river,  we  most  still  afBrm  our 
belief  that  the  magnetic  streaks  in  tbe  pits  of  the  Cincinnati  repre- 
sent ore  that  was  originally  deposited  in  the  rocks  as  a  hydrated 
sesqui-oxide  and  was  rendered  magnetic  by  the  gabbro  overflow. 
These  streaks  represent  all  the  iron  there  was  in  the  rocks  at  that 
time.  The  effect  of  the  gabbro  eruption  vaa  to  elevate  the  Giant's 
range,  and  from  that  time  until  the  present  the  process  of  ore  de- 
position in  these  rocks  by  the  decomposition  of  carbonates,  if  any 
were  present,  and  tbe  replacement  of  silica  by  ferric  oxidea,  has 
been  progressing.  The  result  has  been  the  formation  of  large 
deposits  of  pure  ore  in  which  the  magnetite  layers  are  interbedded 
with  the  more  recent  non-magnetic  ores. 

The  tiianiferoua  magneiitea  have  already  been  mentioned.  They 
occur  in  the  gabbro,  and  are  valueless  at  present  Their  manner 
of  occurrence  and  chemical  composition  are  described  fully  in 
Bulletin  No.  6,  Minn.  Geol.  Snrv. 

G(ETHITE. 

This  ore  is  the  first  to  be  found  below  the  glacial  drift  in  many 
test  pita  on  the  Hale,  Eanawha,  Cincinnati.  Canton  and  BLwabik. 
It  is  soft,  homt^eneoos  yellow  ore  and  occurs  in  layers  several  (six 
to  twenty)  feet  in  thickness.  It  was  at  first  called  limouite,  but  its 
high  percentage  of  iron,  as  revealed  by  several  analyses,  together 
with  the  large  amount  of  combined  water  showed  that  it  is 
goelhite.  As  a  rale  it  is  non-besaemer.  It  is  called  "yellow  ochre" 
by  the  miners  and  is  frequently  thrown  out  as  poor  ore.  Its  com- 
position when  absolutely  pnre  is  sesqai-oxide  of  iron  89.9,  water 
10.1,  metallic  iron  62.9.  It  occurs  in  such  large  qaantities  on 
this  range  that  the  term  "Mesabite"  may  appropriately  be  applied 
to  it  to  distinguish  it  in  the  iron  trade.  The  following  analyses 
show  its  purity: 

Berringer  yellow  ochre,  Iron  60.65,  Fhos.  .070. 
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Canton  yeUow  oolire,  Iron  60.65,  SiO»  2.09,  Phos.  .105, 
Comb.  H,0  8.04.    Free  H,0  9.86. 

Canton  yellow  ochre,  Iron  60.75,  SiO,  1.85,  Phoa.  .065,  Comb. 
H,0  10.06.    FreeHjO  12.77. 

Canton  yellow  ochre.  Iron  60.90.  SiO,  4.85,  Phos.  .029.  Some 
analjmea  indicate  61 .5  per  otuit  of  iron. 

This  ore  will  perhaps  be  of  more  volae  for  the  mannfaotare  of 
mineral  paints  than  for  nse  in  the  tomafie.  It  can  be  obtained 
cheaply  and  in  large  qaantitiee. 

LmONITE. 

Hard  masses  and  layers  of  brown  hematite  are  tonnd  in  many  pits 
on  the  Mesabi.  The  ore  is  inclined  to  be  siliceons  and  rather  high 
in  pboephomB.  Many  osTlties  are  lined  or  filled  with  grape  and 
pipe  limonite  ore.  It  seencB  to  occur  in  portions  of  the  ore  bodies 
where  considerable  streams  of  wator  flow,  oontinnally  or  at  certain 
seasons  of  the  year,  throngh  the  rooks  and  ore  Only  a  small 
percentom  of  all  the  ore  in  any  mine  so  far  discovered  has  been 
ehown  to  be  of  this  mineral.  It  is  perhaps  the  least  yalnable  of 
any  except  the  titaniferoas  ores  on  the  ranga 

HEK4TITE. 

By  far  the  larger  part  of  Mesabi  ores  are  hematites,  as  the  term  is 
naed  by  mineralogists^  t.  e.,  anhydroas  sesqni-oxide  of  iron,  whether 
hard  or  soft,  crystalline,  maasive  or  earthy,  red,  bine,  purple,  brown, 
green  or  black.  All  varieties  and  all  textnres  occur  on  this  new 
range.  The  variation  in  appearance  is  remarkable,  but  the  nni< 
Eormity  of  composition  is  equally  sa  It  is  only  after  considerable 
experience  in  the  ores  of  the  range,  and  a  careful  examination  of 
each  variety  by  a  hand-glass  that  the  ore  expert  can  tell  which  ore 
ia  the  beat  and  approximate  its  percentage  of  superior  excellence. 
To  be  sore  there  are  high  and  low  grade  ores  here  as  on  any  other 
ranfte,  bat  samples  of  ores  of  at  lea^t  ten  totally  different  macro- 
scopic characteristics  can  be  selected  that  will  not  vary  two  per 
cent  in  iron  content  The  process  of  ore  formation  here  has  been 
a  discriminating  and  selective  process,  and  has  progressed  regard- 
less of  color,  hardness  or  textnre. 

The  best  grade  of  hematite  is  the  bine-black  soft  ore  found  at 
many  of  the  mines.  Where  this  ore  is  in  perfectly  crystalline 
grains  which  possess  little  adherence  to  each  other  and  will  not 
"pack"  in  one  s  hand  as  do  the  more  earthy  ores,  the  percentage  of 
iron  reaches  almost  absolute  purity.  One  sample  of  thirty  feet  of 
this  ore  from  pit  No.  15  on  the  Biwabik,  taken  by  E.  P.  Jennings, 
fielded  an  analysis  of  67.90  per  cent,  iron,  1.8  per  cent,  silica  and 
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.016  per  cent.  phoBphorae.  Saoh  ore  as  that  is  not  excelled  any- 
where. It  is  this  exceedingly  pare  ore  that  brings  up  the  average 
of  Mesabi  oree.  Withoat  it  there  are  several  properties  which 
would  be  noD-beasemer;  with  it  they  are  a  good  bessemer. 

The  general  order  of  aaccesaion  of  the  various  kinda  of  ore  is  in- 
dicated by  the  plates  of  sectious  (Plates  I,  II,  III,  lY,  Y)  from 
the  Biwabik,  turniahed  me  by  Mr.  Jna  T.  Jones  and  P.  L.  Eim- 
berley. 

Manganipebous  Oreb. 

Black  oxide  of  manganese  is  found  in  bard  and  soft  streaks  in 
the  ore  of  many  mines  on  the  range.  As  yet  it  hns  not  been  found 
in  sufficient  quantities  to  guarantee  any  considerable  prodaction  of 
mangaueee  ore  or  manganiferoaa  iron  ore.  It  wiU  be  strange,  bow- 
ever,  if  some  such  ore  is  not  produced  from  the  range,  since  bo 
many  indications  are  met  with,  and  the  conditions  are  so  favorable 
for  its  acoumalation.  Moreover,  such  ore  is  mined  in  limited 
qosntity  on  the  Penokee-Q<^ebic  range,  which  is  the  andoabted 
equivalent  of  the  Mesabi. 

ORIGIN  OF  MESABI  ORES. 

In  Bulletin  No.  6,  on  the  Iron  Orea  of  Minnesota,  the  idea  was 
advanced  that  the  bands  of  ore  found  interstratified  with  the  la- 
conic rocks  of  the  Mesabi  are  due  to  oceanic  precipitation  as 
hydrated  sesqui-oxides  at  the  time  the  sediments  were  deposited. 
Subsequent  pressure  and  heat  are  supposed  to  have  dehydrated 
the  ores  and  the  gabbro  outburst  to  have  tendered  them  magnetic. 
This  idea  is  still  maintained  and  boa  been  strengthened  by  recent 
observations.  But  it  accounts  for  only  one  portion  of  the  Mesabi 
ores.  Those  original  bands  of  iron  were  of  limited  thickness  and 
were  interstratified  with  rock  material.  The  ore  deposits  recently 
discovered  have  none  of  these  rock  strata  left.  They  were  either 
never  present  or  have  been  removed.  -  On  page  146  of  the  report 
referred  to  above  is  also  found  the  following  statement: 

"  We  are  quite  ready  at  this  time  to  adopt  the  theory  that  has 
been  referred  to  originating  with  Prof.  Edward  Hitchcock,  and 
more  recently  adopted  by  Prof.  J.  D.  Dana  and  Prof.  R.  D.  Irving, 
that  these  carbonated  beds  may  be  changed,  and  have  been,  on  a 
large  scale  in  the  Taconic  rooks  of  New  England  and  of  the  Peno- 
kee-Qogebic  range,  by  infiltrating  waters,  that  their  alkaline  con- 
stituent has  been  carried  away  and  their  iron  has  been  redeposited 
or  concentrated  in  a  residual  condition  as  ferric  oxides,  and  that  by 
thiB  concentration  large  beds  of  iron  ore  have  been  formed.    It  ia 
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becanse  of  this  that  we  state  oar  belief  that  poaaibly  important 
bede  of  limonite  or  hematite,  originatiDg  in  this  way,  may  yet  be 
fotmd  in  the  Taconic  region  of  Minnesota,  the  parallel  of  those 
that  have  recently  been  opened  np  in  northern  Wisconsin."  This 
is  a  partial  statement  of  the  theory  adopted  by  the  writer  for  the 
oie  depoeits  under  disonssion.  From  oarefnl  personal  examine 
tion  of  the  work  on  all  parts  of  the  Mesabi  during  its  entire  process 
of  deTelopment,  the  idea  has  become  stronger  and  more  firmly  fixed 
in  his  mind  that  these  deposits  are  mainly  due  to  chemical  alt«ra> 
aSoa  and  replacement  of  some  mineral  by  oxide  of  iron.  There  is  a 
general  harmony  of  facts  and  phenomena  observed  which  go  toenp- 
portthis  idea,  and  which  apparently  are  not  in  oonBOOOOoe  with 
wy  other  theory.  The  asoal  conditions  existent  at  the  different 
mines  on  the  range,  so  far  as  they  have  been  exploited,  are  the  fol- 
lowing : 

1.  There  is  a  deposit  of  ore  sitnated  on  some  hitl-side  or  in 
some  basin.    • 

3.    This  ore  is  regnlarty  stratified. 

3.  The  planes  of  stratification  dipping  less  than  30"  pass  from 
the  ore  into  and  throngh  the  banded  jaspery  qnartzyte  or  taconyte 
horizon  in  three  directions  and  occasionally  on  all  four  sides. 

4.  The  ore  strata  correspond  in  texture  with  the  rock  strata 
which  appear  to  be  their  continnation. 

5.  Underlying  the  ore  is  osoally  a  qnartzyte  horizon. 

6.  Jost  beneath  the  ore  this  qnartzyte  is  deoompoeed  into  a 
<mmbling  sandstone,  bat  it  becomes  vitreous  a  few  feet  below. 

7.  This  qnartzyte  is  impervious  and  presents  an  absolute  bar- 
rier to  surface  infiltration.  This  fact  is  shown  (1)  by  microscopic 
examination  o£  the  vitreous  qnartzyte,  (2)  by  test-pits  snnk  into 
it,  (3)  by  the  large  amount  of  surface  water  in  the  ore  as  the 
bonndary  between  the  ore  and  quartzyte  is  approached.  The  ore 
is  porous  and  permits  the  water  to  filter  through  it  Test-pits  are 
mmk  through  dry  ore  to  the  depth  of  nearly  one  hnndred  feet, 
where  the  ore  body  covers  a  considerable  area,  but  water  in  large 
quantity  i^  invariably  encountered  a  few  feet  above  the  quartzyte. 

Exceptional  occurrencee  which  tend  still  further  to  prove  the  re- 
placement theory  are,  (1)  the  existence  of  deposits  of  half  ferrified 
rocks  with  ore  in  bands  and  in  isolated  centers  of  deposition.  In 
nich  sitoationB  the  process  of  ore  production,  or  naloral  manafoc- 
faire,  so  to  speak,  can  be  observed  in  all  stages  of  progression.  (2) 
The  OGCorrence  of  knolls  of  taconyte  lying  on  top  of  the  ore  de- 
posits, having  been  above  the  course  of  the  chemical  percolations, 
and  thns  having  remained  unaltered. 
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It  ifi  a  fact  oonfirmed  by  sbundant  observatioD  that  the  iron  ore 
occars  preoiBel;  at  the  taconyte  horizoo.  It  lies  neither  above  dot 
below  it,  bat  in  it  and  of  it  It  is  natnzal  that  the  process  of  thii 
transformation  into  ore  ehoold  be  limited  by  the  local  environ- 
menta.  If  the  angle  of  the  slope  down  which  sorface  waters  have 
flowed  be  too  steep  or  too  flat  there  is  no  resnltant  ore  body,  if  it  is 
moderate  the  ore  deposit  may  have  been  prodoced  to  a  great  depth 
and  width.  If  the  basal  qoartzyte  comes  to  the  sorfaoe  at  the 
npper  side  of  the  elope  the  atmospberio  watera  appear  to  have 
flowed  down  along  the  line  of  separation  between  the  taoonyte  and 
qTiartzyte.  In  this  case  it  may  happen  that  the  prooeas  of  replace- 
ment extended  bat  a  short  distance  above  the  gaartzyte  and  there 
may  be  an  analtered  oappinR  of  taoonyte  above  the  ora  If  the 
hill  side  and  lop  are  covered  with  the  jaspery  qnartzy  te  and  banded 
ore  foimation  the  infiltrating  waters  eometimee  seem  to  have  worked 
a  change  downward  into  these  rooks  and  there  miy  or  may  not  be 
an  analtered  remnant  of  the  taoonyte  horizon  below,  -acocu^ng  to 
the  original  tbickaesa  and  the  natarel  taoilitieeior  obemioal  action. 

There  ie  even  a  third  case  seen  on  the  Chicago  property,  in 
which  a  body  of  soft  ore  nine  feet  thick  has  been  prodaoed  in  the 
taconyte  formation,  and  is  seen  gradaating  into  the  hard  banded 
rock  on  all  aides. 

The  prooeea  of  replacement  is  of  two  or  three  varietieB.  Certain 
strata  seem  to  be  more  easily  ferrified  than  others,  and  inatanoee 
are  common  where  the  wavy  line  of  f  ermginization  is  seen  enoroaob- 
ing  apon  the  bine  or  gray  analtered  taoonyte.  This  may  often  be 
followed  in  a  single  hand  sample  from  taoonyte  to  ore,  while  the 
stratification,  texture  and  often  appeturanoe  remain  the  same.  The 
remarkable  part  of  it  is  that  all  the  original  mineral  elements  have 
gone  and  the  resnlt  is  each  pare  oxide  of  iron.  There  is  mnoh 
silica  of  a  chalcedonic  or  amorphous  natare  in  the  taoonyte,  and 
occasionally  layers  of  qaartzyte,  bot  all  these  can  be  observed  in 
the  actual  process  of  replacement  by  iron  ore. 

On  the  Cincinnati  property  it  even  appears  that  some  of  the  basal 
qaartzyte  haa  been  replaced  by  iron  oxide.  Samples  taken  from 
here  show  a  complete  tranaition  from  qaartzyte  to  iron  ore.  In 
some  of  the  intermediate  Bamplee  the  individual  graiua  can  be  seen 
in  all  st^ea  of  removal.  There  are  many  enoaaed  in  a  ahell  of 
hematite,  which  can  be  seen  increasing  in  thickness  until  on  break-, 
ing  the  black  graiu  no  white  silica  grain  ia  found.  It  has  all  been 
removed.  With  a  apecimen  of  thia  sort  in  hand  it  ia  impoaaible  to 
doubt  that  here  la  an  instance  of  the  removal  of  silica  and  its 
replacement  by  aeaqni-oxide  of  iron. 
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Still  another  proof  is  foand  in  the  natore  of  the  transition  back 
again  from  ore  to  the  taconyte  on  the  lower  edge  of  the  deposits. 

This  has  already  been  referred  to  nnder  the  head  of  "Mode  of 
Oocorrence  of  the  Ore."  If  this  ore  be  not  a  replacement  prodnot 
it  mast  continue  underneath  the  rooks  belonging  higher  up  in  the 
formation  and  will  ultimately  be  mined  to  a  great  depth.  There 
is  no  absolute  proof  that  this  ia  not  so.  On  the  Biwabik  and  Cin- 
cinnati, however,  the  ore  is  seen  to  degenerate  and  pass  into  a  low 
grade  ore  and  then  into  "paint  rock"  and  finally  into  the  regular 
banded  taoonyte  horizon  on  the  sonthem  edge. 

There  have  been  reports  of  the  discovery  of  soft  ore  at  great 
depths  nnder  the  slates  to  the  soath  of  the  present  deposits,  but 
these  reports  are  not  as  yet  authenticated.  Even  if  they  shonld  be  at 
one  or  two  places  in  the  basins  of  lakes  like  the  Embarrass  it  woald 
not  weaken  the  replacement  theory.  For  it  is  only  natural  that  the 
effect  of  a  body  of  water  pressing  downward  throngh  and  into  a 
series  of  soft  slates  would  have  some  softening,  oxidizing  and  dis- 
integrating effect.  The  carbon  of  the  graphitic  slates  would  be 
dissolved  and  silica  removed  by  it  so  that  replacement  deposits 
might  be  formed  in  such  a  place  even  at  a  depth  of  five  hundred 
feet  It  should  be  mentioned,  moreover,  that  the  glacial  drift  ex- 
ceeds one  hundred  feet  in  depth  on  the  southi^aet  shore  of  Embar- 
rass lake  and  may  be  twice  as  deep  in  the  lake  basin.  This  wonld 
make  the  actnal  depth  from  snrfaoe  influences  very  much  less 
and  increase  the  likelihood  of  an  ore  deposit. 

In  searching  for  an  explanation  of  this  process  of  replacement 
we  are  met  with  many  puzzling  questions,  and  ii  is  just  as  well  to 
admit  that  more  study  is  necessary  for  their  solntion.  What 
started  this  process?  How  could  so  much  quartz  be  removed? 
What  has  become  of  it?  Where  did  all  the  iron  come  from? 
These  and  many  other  questions  have  presented  themselves  time 
and  again. 

It  has  been  advocated  that  the  iron  ore  of  the  Oogebic  range 
was  originally  in  the  form  of  a  carbonate  which  in  the  process  of 
oxidation  yielded  the  necessary  solvent  tor  the  quartz.  We  find 
some  traces  of  carbonates  of  lime  and  iron  in  the  Mesabi  rocks, 
but  it  does  not  appear  in  sufficient  quantity  to  permit  the  aspump* 
tion  that  the  ore  was  originally  a  carbonate.  There  are  not  yet 
discovered  any  oonsiderable  non-oxidized  carbonaceous  portions  of 
the  rocks  associated  with  the  ores,  except  in  the  more  recent  slates 
of  the  Animikie,  which  are  now  found  farther  south.  It  does  seem 
probable,  however,  that  the  solvent  for  the  silica  was  carbonic  acid 
1  aqaeoue  solution,  and  its  early  source  may  have  been  (1)  the 
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atmosphere,  (2)  the  black  slatw,  which  may  have  ooTered  the  ore 
bwisun  at  one  time  and  have  sinoe  been  eroded.  (3)  More  reoen.tly 
deoayiDg  vegetation  most  have  eapplied  a  oonsiderable  amoani. 

The  amoant  of  carbonic  aoi'i  gas  in  the  atmosphere  at  the  begin- 
ning of  Silurian  time  is  stated  by  different  -writers  to  have  been 
far  greater  than  at  present  It  is  sapposed  that  the  CarboniferooB 
WSB  a  period  of  dense  atmospheres  and  warm  temperatures.  Dana 
atates  that  in  Arcbtean  time  the  effects  of  carbonic  acid  mnst  have 
been  mncb  greater  than  now  owing  to  its  mach  larger  proportion 
in  tbit  atmosphere,  and  that  it  has  gradually  diminished  in  qaantity 
np  to  the  present  tima  He  states  after  Hunt  that  the  ezoeBsire 
{voportioD  of  carbonic  acid  in  the  atmosphere  was  the  most  efficient 
of  all  agents  in  rook  destroction.  Mana^  of  Q«ology,  p.  156.  T. 
S.  Hnut  states  that  "all  carbonates  of  lime,  whether  directly  formed 
by  ttie  decay  of  oaloareoaa  ailioates  or  indirectly  through  the  inter- 
Tention  of  carbonates  of  manganese,  br  alkalies,  derive  their  car- 
bonic dioxide  (mm  the  atmosphere.  The  same  most  be  said  for  the 
dolomites,  magoeaites  anl  siderites,  *  •  «  the  earth  ontaios 
fixed  in  th()  form  of  oarbonatea,  a  qaantity  of  carbonic  dioxide, 
which  it  liberated  in  a  gaseoas  form,  woald  be  eqaal  in  weight  to 
one  handred  if  not  two  hundred  atmosphere  like  the  present" 
Uin.  Phys.,  pp.  37-33.  Hare,  then,  may  l>e  the  explanation  of  the 
removal  of  silica  in  such  large  qaantity.  If  th^  rocks  which  pro- 
dncad  the  present  iron  ore  deposits  have  been  iTplitied  and  exposed 
to  sarfaoe  action  since  primordial  time,  the  carbonic  dioxide  need  in 
the  removal  of  silica  most  have  l>*>en  derived,  at  least  in  part,  from 
the  atmosphere.  This  process  would  have  been  carried  on  to  a 
ooDsiderable  depth,  and  may  have  produced  an  appreciable  effect, 
even  belnw  several  handred  feet  of  sediments  which  may  have 
since  been  eroded. 

Bat  if  these  iron  bearing  steata  were  ever  covered  by  the  slates 
vhifih  belong  above  them,  we  can  find  an  abandanoe  of  carbon  in 
these  very  black  slates,  and  though  it  is  not  uow  in  the  form  of 
earbonatee,  yet  the  action  of  aorface  waters  woald  be  suoh  as  to 
extract  safficient  to  make  a  carbonic  acid  solution  powerful  enough 
to  take  iron  and  silica  into  solution.  Moreover,  Hunt  says  "the 
removal  of  silica  in  soluble  form  d'jes  nst  depend  on  the  interven- 
tion of  alkalies."  Aod  the  carbon  in  the  graphitic  Animikie  slates 
may  have  been  at  earlier  times  in  some  form  more  readily  taken  into 
aolntion.  Haviog  thus  hinted  at  an  answer  to  the  first  two  or  three 
qnestioas  which  nataratty  arise  in  this  connection,  let  us  consider 
mother  one. 
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What  has  become  of  all  the  silica  eapposed  to  have  been  »• 
moved  £rom  the  present  location  of  the  iron  ores? 

The  answer  to  this  is  short.  It  was  re~depoeited  in  the  rooks  ly- 
ing below  and  farther  down  the  slope.  (1)  There  is  need  of  a 
sonroe  for  an  enormons  amoant  of  sOioa  which  has  been  added  to 
the  grains  of  quartz  in  the  qaartzyte,  making  it  ritreoae  and  filling 
all  interstitial  spaces.  (2)  There  are  considerable  amoonts  (rf 
ohaleedonio  and  flinty  silica  found  associated  with  the  qoartsyte, 
and  in  the  other  rooks  associated  with  the  ores.  This  siliea  may 
be  largely  from  a  different  sonrce,  bnt  it  may  be  partially  derived 
from  the  leaching  of  the  ore  beds.  (3)  There  are  deposits  of  silica 
in  all  the  cracks  and  fissoree  of  the  slates  which  lie  at  a  lower  ele- 
vation bat  stratigraphically  above  the  ore  horiaon.  Test-pita,  for 
instance,  on  the  Boachlean,  south  of  the  Biwabik,  encountered 
black  slates  and  found  no  ore.  These  slates  had  been  more  or  less 
jointed  and  the  joints  were*  filled  by  a  bluish  silica,  sometimes 
mammillated,  sometimes  drusy.  It  is  apparent  to  an  observer  that 
the  most  natural  source  for  this  silica  is  in  the  ore  deposits  farther 
up  the  hill  to  the  north.  Future  researches  will  throw  more  light 
on  this  subject,  and  will  perhaps  show  other  ways  in  which  the  re- 
moved silica  has  been  re-deposited. 

As  for  the  source  of  the  iron,  it  is  believed  to  have  been  largely 
the  result  Of  oceanic  deposition,  both  chemical  and  mechantoal,  and 
to  have  been  simply  concentrated  in  its  present  situations. 

There  was  also  a  removal  of  iron  in  solution.  It  was  broaght 
down  to  supply  the  places  whence  the  silica  was  taken.  These 
solatioiis  followed  the  natural  drainage  courses.  Elevation  of  the 
strata  produced  general  jointing.  The  rocks  on  top  of  an  elevated 
knoll  were  cracked  fall  of  joints,  and  the  waters  had  free  and 
abundant  opportunity  to  percolate  downward  even  in  some  places 
where  the  slope  was  not  sufficient  to  accomplish  it  otherwise.  The 
iron  now  being  mined  may  formerly  have  been  disseminated 
through  rooks  now  completely  removed  by  erosion. 


QUALITY  OF  ME8ABI  IRON  OBE. 

For  some  unknown  reason  the  opinion  prevailed  for  several 
months  after  the  discovery  of  many  of  the  best  mines  on  the  range, 
that  the  ore  wasof  inferior  quality.  This  may  have  l>een  due  to  false 
reports  purposely  circulated  by  those  who  had  no  desire  to  eee  a 
new  ran  ge  discovered  and  exploited  in  competition  with  the  mines  in 
which  they  were  interested;  or  it  may  have  been  due  to  honest  bat 
incorrect  sampling.  Each  addition  to  the  family  of  lake  Superior 
D.:iiizP..;,C.Oe>^lc 
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iroii  raDgea  is  reoeived  more  aokindly  by  the  older  brothers  and 
BiBteTB.  Dame  N&tnrd  seems  to  have  bestowed  her  best  favora  on 
her  yoQngest  ohildren.  The  Yermilioii,  Gogebic  and  Mesabi  ranges 
have  each  in  tnm  revealed  newer  and  greater  riches.  It  was  with 
extreme  rolnotance  that  the  proprietors  of  mines  in  other  distriotB 
reot^iaed  the  importance  of  the  Mesabi.  Indeed  they  have  not 
yet  done  so,  nor  will  they  nntil  next  year,  when  the  ore  finds  its 
way  to  the  markets  and  fomacee  of  the  East. 

It  is  true  that  the  first  test-pits  were  sunk  on  the  thin  upper  edge 
of  the  ore,  and  the  npper  strata  are  not  so  rich  as  those  lower  and 
briber  down  the  slope  on  which  the  deposits  lie.  The  analyses 
first  obtained,  however,  were  sufficient  to  oonriiioe  an  unprejudiced 
person  of  the  importance  of  the  new  district.  The  average  of  a 
large  number  of  samples  taken  in  Janaary  and  Febroary,  1692,  in< 
dioated  that  the  ore  would  yield  about  sixty  per  sent  metallic  iron 
sud  that  seTenty-five  per  cent,  of  it  would  be  within  the  bessemer 
limit  as  to  phosphorus.  Since  then  the  test-pits  have  been  in- 
creased in  depth  and  number  and  the  quality  of  the  ore  taken  oat 
has  improved,  as  will  be  seen  from  the  analyses  which  follow. 
There  has  been  still  further  improvement  since  these  samples 
were  taken. 

Method  of  Sahplinq. 

The  most  reliable  samples  are  "  pit  samples."  The  nsual  method 
of  obtaining  them  is  by  standing  in  a  barrel  or  bucket,  pick  in  hand, 
and  while  being  lowered  from  the  top  to  dig  out  a  groove  in  the 
side  of  the  pit  from  top  to  bottom,  letting  the  ore  fall  into  the  bar- 
rel. Upon  reaching  the  top  the  ore  is  broken  into  small  fragments 
if  it  is  not  already  fine,  and  oaref  ally  mixed  and  quartered  down  to 
a  sample  of  eight  or  ten  poonda.  Taken  in  this  way  the  samples 
should  fairly  represent  the  ore  that  will  be  shipped  from  that  pit 
All  the  bard  layers  most  be  grooved  out  as'  deeply  as  the  soft  ones, 
for  the  percentage  of  iron  may  vary;  and,  of  course,  sand  streaks 
mast  be  included,-  tor  they  cannot  be  eliminated  in  mining.  It  is 
remarked  by  all  new-comers  that  the  ore  has  a  sandy  appearance 
uid  feeL  There  are  occasional  small  streaks  of  sand  in  it^  and 
near  the  bottom  small  grains  of  white  silica  are  common,  and  can 
be  seen  by  a  hand  glass.  Analyses  are  surprising  to  these  ore  ex- 
perts as  revealing  bat  a  email  per  cent,  of  silica.  The  sandy  feel 
ia  doe  to  the  nature  of  the  ore,  which  is  largely  made  op  of  oryetal- 
line  grains  of  hematite. 

The  habit,  qnite  general  on  the  range,  of  damping  sncceBsive 
baeket>fn]Is  of  ore  on  a  circular  stockpile  and  spreading  it  around 
evenly  renders  damp  samples  rather  unreliable.     It  is  evident  that 
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the  last  or«  mined  is  on  the  top  of  the  damp,  and  as  it  ia  not  feas- 
ible to  dig  to  tlie  oenter  of  a  damp  twenty  or  thirty  feet  across,  the 
sample  takon  will  represent  bat  a  part  of  the  ore  penetrated  by  the 
pit  To  be  sure  the  sample,  ia  as  likely  to  vary  one  way  as  the 
other,  bat  it  is  not  satisfactory  onleas  the  pit  is  quite  oniform  or 
the  ore  has  been  divided  as  it  was  taken  out 

The  following  table  of  analyses  does  not  do  fall  jaatioe  to  all  of 
the  mtaes  represented.  The  Berrioger,  Canton.  Lake  Superior, 
Lone  Jack  and  New  England  have  already  made  developmenta 
showing  a  higher  erade  of  ore,  and  there  is  no  doabt  that  some  of 
the  others  will  improve  with  farther  development 
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00MPABI80N  WITH  OTHEB  ORES. 

Until  there  shall  have  been  a  laige  oonsamption  of  the  Meeabi 
ores  it  will  be  impoBBible  to  tell  exactly  how  they  compare  in  all 
respeotB  with  the  ore  of  other  districts.  There  are  high  and  low 
gradea  of  ore  on  all  ranKea,  and  the  average  tonnage  pnrity  of  an 
entire  range  has  never  been  determined.  By  this  is  meant  the 
average  quality  of  the  ore  taking  into  couBideration  the  number  of 
tons  of  each  grade  mined.  Some  idea  of  the  comparative  excet- 
lenoe  oE  Messbi  ores,  however,  can  be  gained  by  a  oonsideration  of 
tlie  analyses  already  given  and  the  aotaal  resnlta  obtained  in  other 
inatanoea. 

The  ontpat  of  the  Minnesota  Iron  Company  from  the  Yermilioa 
range  in  1891  is  classified  in  the  following  table.  This-ore  is  well- 
known  as  some  of  the  finest  hard  hematite  obtainable,  and  yet  only 
forfy-eeven  per  cent  of  the  prodact  was  bessemer. 
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Table  Showing  Pboduot  of  the  Minmesota  Iboh  CohPaki 
IN  1891. 
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•Inoludea  Mont&iut,  Batte.  AtmBtrong  and  No.  0  Shaft. 

Piokaude,  Mather  and  Co.,  the  Clevelaod  agents  for  these  gr&des 
of  ore,  give  the  following  average  analyaes  for  1691,  and  gaaran- 
tesB  for  li^92. 

COHHBBCIAL  GsADBS  OF  ObB  FBOX  VEBHILION  IBON  BaNQE,  1891. 
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In  1891  the  Chaodler  mine  prodnoed  864,993  tons  of  Chandler 
ore  and  30,873  tons  of  Ijong  Lake  ore.  The  entire  prodoct  of  this 
ffline.is  beseemer.  In  some  respects  this  is  the  greatest  mine  in 
the  world.  Oooapying  but  eighty  acres  its  prodnotion  for  1892 
mil  be  nearly  650,000  gross  tons  of  remarkably  uniform  ore.  Carj^ 
after  oargo  is  sampled  at  Cleveland  that  will  not  Tary  half  of  one 
per  cent,  in  iron  content.  Under  the  able  direction  of  Joseph  Sell- 
wood  the  ooflt  of  mining  has  been  reduced  to  less  than  $1.00  per 
ton  at  the  depth  of  450  feet  It  is  believed  that  there  is  a  profit  of 
tl.OO  per  ton  on  this  ore,  providing  it  brings  $4.66  at  Cleveland, 
as  it  is  said  to  have  done  in  1892.  This  estimate  is  based  on  the 
Eollowing  details: 

Cost  of  Miairg, $1.00 

Boyal^,        -        -        -        -        -        -        -        -         ;3B 

B.  R.  Freight  to  Two  Harbors,         -        -        -  1.00 

Lake  Freight  to  Cleveland,  ...        -      1.20 

Insorapce,  Commission,  etc,     -        .        .        .  .26 

$8.80 
These  figures  are  approximate  and  are  given  merely  for  the  sake 
of  indicating  the  entire  feasibility  of  mining  at  a  profit  on  the 
Mesftbi,  where  the  cost  of  mining  will  be  considerably  less  than  at 
the  Chandler,  with  higher  royalties. 

The  average  of  the  analyses  given  of  the  Biwabik  ore  indicate 
that  in  quality  it  is  nearly  equal  to  the  Chandler  ore.  If  the  ex- 
pense of  placing  it  on  the  car,  including  royalty,  were  equal,  there 
wonld  be  a  slight-  difference  ['^qual  to  the  freight  from  Ely  to  Tow- 
er,  perhaps]  in  favor  of  the.  Biwabik.  It  might  eves  be  possible  to 
sell  the  ore  at  $4.00  per  ton  and  still  have  a  nice  profit.  If  in  ad- 
dition  to  ttiis  there  are  any  other  directions  in  which  the  Biwabik 
ore  can  l>e  produced  more  cheaply  than  the  Chandler,  suoh  as 
smaller  mining  cost,  there  is  so  much  more  profit  This  point  will 
be  discussed  later. 

The  analyses  of  certain  standard  grades  of  ore  from  the  other 
lake  Superior  ranges  is  given  is  the  following  table. 
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•Qeo.  W,  QoeU,  Trans.  Am.  Inst,  Uin.  Eng.,  ral.  xlx,  p.  59. 
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It  will  be  iioticed  that  the  -average  of  the  grades  giveD  is  higher 
m  iron,  but  aIao,higher  in  phosphomB  thao  that  of  the  large  num- 
ber of  SRmples  of  Mesabi  ore  Id  the  foregoing  table.  It  is  not 
claimed  that  this  average  is  a  correct  one  of  the  prodnct  of  the 
ranges  repreeented,  bat  it  is  claimed  that  it  is  similar  to  the  aver- 
age obtained  from  the  varions  Mesabi  analyses,  and  the  compara- 
tive high  grade  of  the  latter  ores  is  shown  thereby.  It  is  unlikely 
that  any  ore  will  ever  be  shipped  to  Cleveland  of  as  low  grade  as 
the  lowest  in  the  table,  bnt  it  is  certain  that  there  will  be  grades 
of  Meeabi  ore  as  low  in  phosphoras  and  as  high  as  or  even  higher 
in  metallie  iron  than  any  hematite  ore  in  the  list,  and  that  in  large 
quBstity. 

It  is  hardly  necessary  to  refer  to  the  fact  that  southern  ores  are 
very  much  lower  grade  than  lake  Superior  ores.  Their  proximity 
to  the  coal  field  and  the  furnace  is  the  only  feature  that  enables  them 
to  compete  with  the  northern  ores  at  present,  and  if  an  nnlimited 
amoant  of  high  ^ade  lake  Superior  ore  can  be  profitably  deposited 
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in  CleTelsnd  at  a  rednctioo  of  fifty  oebts  per  ton  below  the  preaent 
market  price,  most  of  the  southern  faraaoea  will  be  forced  to  soa- 
peod  operationa. 

From  recent  experimentainNew  York  and  New  Jersey  it  appears 
probable  that  a  large  amount  of  ooDoentrated  iron  ore  may  be  pot 
npon  the  market  in  the  next  few  years  and  become  an  active  and 
imporLant  competitor  of  the  lake  Snperior  district.  It  ia  also  re- 
liably reported  that  the  Siftua  and  Joragna  districts  of  Cuba  will 
soon  ship  several  hundred  thoasaiid  tons  per  annum  of  bigb  grade 
ore  to  this  country,  and  that  they  can  do  it  at  a  profit  with  the 
present  duty  of  75  cents  per  ton.  When  shipped  to  this  oottntiy 
for  manafaoture  and  exportation,  foreign  ores  may  obtain  a  rebate 
of  the  tariff  paid  for  importation.  This  will  be  done  to  a  oonsider- 
able  extent  in  the  fntnre. 

All  these  facts  iudicate  that  the  price  of  bessemer  ore  will  tend 
to  be  lower  rather  than  higher,  and  Mesabi  mine  owners, may  well 
be  congratalated  that  to  the  excellent  quality  of  their  ore  ia  added 
the  combination  of  great  abundance  advantageously  situated  for 
very  aheap  mining. 

METHOD  OF  PEOSPECTING. 

'  There  is  nothing  particalarly  novel  or  original  in  the  mantier  in 
which  prospecting  is  oondacted  on  the  MeeabL  An  illustration  in 
Agrioola's  De  Ee  Metallica  of  a  test  pit  in  the  sixteenth  century 
shows  a  windlass  operated  by  a  crank  at  each  end  almost  identieal 
with  those  employed  here  three  hundred  years  later.  1  he  anoiente 
used  two  buckets  to  save  time  and  labor  in  hoisting.    Fig.  7. 

The  pits  are  reotangalar  and  vary  greatly  in  diamtter.  They 
are  seldom  timbered  below  the  top  of  the  ore  nnless  very  deep  and 
wet.  Daring  the  winter  time  pits  are  sunk  in  favorable  sitaations 
to  the  depth  of  more  than  olc  hundred  feet  with  pick  and  shovel 
unaided  by  a  single  drill  hole  or  blast  of  powder.  In  the  spring, 
however,  surface  water  bothers  greatly  and  pumps  are  needed.  At 
times  there  are  strata  of  hard  ore  or  a  capping  of  rook  to  be  peue- 
trated.     Drilling  and  blasting  ere  then  resorted  to. 

The  ore  is  hoisted  out  in  buckets  and  piled  np  around  the  month 
of  the  pit  in  a  circular  dump  or  stock  pile.  Plate  No.  T.  ia  ui  illns- 
tration  of  a  windlass  and  damp  Wbeu  the  pit  ia  more  than  one 
hundred  feet  in  depth  the  operation  of  hoisting  by  band  is  a  very 
slow  one,  and  a  "bent"  is  sometimes  arranged  for  hoisting  by  horae 
power  and  dumping  into  a  tram  car.  This  method  was  first  em- 
ployed on  the  Mesabi  at  the  Biwsbik  in  the  northeast  drift  at  pit 
No.  15.  On  Plate  No.  V.  is  also  an  illnstratioQ  o£  the  beoL 
Dgiize..;,  Google 


1    Geol.  and  Nat.  Hist   Sur„  XXth   Report.  Plate  V,  figs,    i   and  i 


TEST.PITTING  AT  THE  BIWABIK  MINE. 
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If  the  ore  deposit  lies  in  a  rock-rimmed  basin  there  is  ooneider- 
able  water  in  the  era  It  it  lies  on  a  hillside  and  ie  of  considerable 
extent  the  water  filters  down  through  the  ore  to  the  basal  guartzyte 
uid  the  npper  part  of  the  ore  bcdy  is  quite  dry  even  in  very  wet 
BSBsoDB.    From  this  it  follows  that  the  presence  of  water  in  an  ore 


Fig.  T.    Test-pLtUug  In  ILa  slxitwatli  uuulury. 

pit  is  simply  an  indication  that  it  cannot  get  away,  while  its  abeenoe 
is  a  siiin  that  it  can  escape,  probably  by  filtering  down  in  the  ore, 
vbich  is  therefore  oondaded  to  be  of  conBiderable  amonnt  The 
rigniGoance  of  the  varions  rocks  and  their  asaal  appearance  have 
■Iready  been  discussed. 

Mines  Now  Opened  Up. 
Biwabik. 
After  the  discovery  of  the  Moantain  Iron  mine  in  18P0,  described 
in  the  first  portion  of  this  article,  no  further  discoveries  of  import- 
ance  were  made  notil  aboat  a  year  later,  when  an  explorer  nam*^ 
John  llcCaskill  saw  traces  of  soft  ore  in  the  roots  of  an  over-tnrned 
tree  in  section  three,  T.  58-16.  This  \nd  to  the  discovery  of  the 
Biwabik,  CincinnatijCdnton,  Hale  and  Kanawha  mines.     Credit  for 
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the  aotaal  discovery  of  the  ore  deposit  on  the  Biwabik  mast  be  giTen 
to  Capt  J.  A.  Nichols.  He  directed  the  work  which  succeeded  in 
making  this  disooTery  io  Augost,  1891.  Cnpt  J.  G.  Cohoe  was  pat 
in  charge  of  the  work  here  snd  sank  fifteen  test  pits  daring  the 
winter  of  1891-92.  It  woald  be  somewhat  peoaliar  it  the  first  and 
seoond  minea  to  be  discovered  shoald  tarn  oat  to  b^  the  best  two 
mines  on  the  range. 

In  the  last  part  of  April  the  Biwabik  Moantain  Iron  Company 
leased  three  fortiea  in  sections  two  and  three,  T.  68-16,  to  Mr.  P.  L. 
Kimberley,  of  Sharon,  Pn.  The  lessees  are  r^qoired  to  mine  at 
least  300,000  tons  per  annum  and  to  pay  a  royalty  of  50  cents  per 
ton.  This  deal  was  the  reaolt  of  an  examination  of  the  early  devel- 
opments on  the  range  made  by  Mr.  J.  T.  Jones,  the  saperintendeot 
of  the  Hamilton  Ore  Company,  of  Iron  Moantain,  Mich.  Work  of 
exploration  was  oontinned  in  a  systematic  manner  and  soon  became 
the  model  for  snob  work  on  the  range.  The  test  pits  were  rapidly 
increased  in  depth  and  number,  and  the  result  showed  the  wis- 
dom and  foresight  of  Messrs.  Jones  and  Kimberley  in  the 
selection  of  this  property  out  of  all  those  so  far  discovered  on  the 
range.  Records  of  some  of  their  test  pita  may  be  seen  on  pa^e  138. 
By  the  time  these  test-pits  were  completed  it  was  evident  to  the 
unprejodioed  observer  that  here  is  the  greatest  deposit  of  ore 
known  on  the  range  if  not  in  the  whole  Lake  Soperior  district 
Millions  of  tone  of  soft  hematite,  averaging  63  per  cent,  iron  and 
.045  phoepborns,  are  here  found  within  one  haudred  feet  of  th» 
snrfaoe  of  the  ground.  It  is  safe  to  say  that  this  mine  under  its 
present  management  will  eclipse  all  former  records  for  cost  of  min- 
ing and  number  of  tons  produced  in  a  given  length  of  time.  There 
may  yet  be  larger  deposits  foand  on  the  Mesabi,  but  so  tax  tiie 
Biwabik  is  chief.  The  Moantain  Iron  may  prove  to  be  its  eqnal, 
and  at  present  is.  a  good  second,  but  the  number  of  oabic  feet  of  ore 
reasonably  to  be  estimated  as  "  in  sight "  at  the  Biwabik  ezoeeda 
that  of  any  two  other  mines  yet  opened  up. 

dnctTmatt. 

Adjoining  the  Biwabik  on  the  east  is  the  Cincinnati.  This  ie 
also  a  fine  property.  It  does  not  seem  to  get  the  credit  it  deserves 
among  those  familiar  with  the  range,  perhaps  because  it  happens 
to  suffer  somewhat  in  comparison  with  the  Biwabik  adjoining, 
which  is  a  larger  property  and  has  been  more  extensively  devel- 
oped. For  several  months  no  property  on  the  range  could  make 
a  l)etter  showing  as  to  quantity  and  quality  of  ore  than  the  CSittnn- 
nati.     Subsequent  development  revealed  others  equally  as  good, 
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but  that  was  only  to  be  expected.  Later  deTelopmeDt  on  tbis  prop- 
erty also  showed  the  ore  to  be  more  extensive  than  the  owners 
themselves  believed  it  originally. 

This  mine  is  leased  to  the  Standard  Ore  Company,  who  Have 
agreed  to  mhie  at  least  150,000  tons  each  year  at  a  royalty  of  65 
Dents  per  ton. 

The  development  of  this  property  was  largely  under  the  charge 
of  GspL  Edward  Florada  and  Oapt.  Carlin. 

Canton. 

This  property,  owned  by  the  Minnesota  Exploration  Company, 
lies  on  the  west  sidia  of  the  Biwabik.  The.  ore  here  was  diaoovered 
by  Mr.  Edgar  Brown.  Maoh  of  it  is  non-bessemer  goethite.  It  is 
probable  that  there  is  better  ore  to  be  found  here  at  a  greater 
depth.  Work  is  now  being  vigoroosly  proeeonted  under  the  di- 
reotioD  of  President  D.  H.  Baoou  of  the  Minnesota  Iron  Company. 

Kanawha  and  Hale. 

The  Elanavha  Iron  Company  did  considerable  exploration  work 
in  the  8.  E.  i  N.  W.  i  section  1,  T.  68-16,  in  April,  1 892,  and  found 
a  considerable  depth  o{  ore  in  a  series  of  test  pits  located  east  and 
west  along  the  north  side  of  the  forty.  The  width  of  the  deposit 
U  not  yet  proven  to  be  great  here,  the  ore  appearing  to  He  in  a 
ntber  narrow  gorge.  The  peculiar  relation  of  the  ore  deposit  at 
this  place  to  the  green  schist  or  "greenstone"  is  shown  by  Fig.  8. 

Pit  No.  1  vrent  throi^^h  the  ore  at  the  depth  of  thirty- eight  feet 
into  an  unaltered  portion  of  the  taconyte.  On  this  property  and 
the  Hale,  which  lies  just  to  the  east,  the  fact  is  plainly  shown  that 
the  drainage  slope  considered  neoeseary  to  facilitate  the  replace- 
ment process  does  not  always  consist  of  the  rocks  of  the  Taoonic 
fonnati<m  above  the  ore  deposit  i&elf.  The  flow  of  waters 
which  has  acoompliehed  the  replacement  and  concentration  may 
have  come  from  a  ridge  of  Keewatin  green  schist  or  Archiean 
granite.  At  tbis  place  there  are  two  pits  fifty  feet  apart,  one 
in  fifty-five  feet  of  ore  and  the  other  in  green  schist.  The  eohiet  is 
the  same  as  that  seen  elsewhere  on  the  range  and  lies  ttnoonform> 
ibly  beneath  the  Taoonic  rocks.  It  dips  here  N.  85°,  while  the  dip 
of  the  ore  is  S.  10°.  The  ore  occupies  a  gorge  at  the  contact  line 
between  the  two  formations.  The  same  deposit  in  the  same  rela- 
tive position  extends  eastward  across  the  Hale  forty.  The  bare 
ridges  of  green  schist  rise  much  higher  northward,  and  drainage  is 
off  the  schist  ridges  into  the  valley  in  which  the  ore  is  found.  The 
tect  that  the  ore  on  these  two  properties  is  largely  a  non-beasemer 
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gcethite  is  an  indioatioD  that  the  replacemeDt  is  not  bo  perfeot  in 
this  Bitoation  as  wheU  the  entire  slope  is  composed  of  the  Taoonic 
iron  formation. 

Missabe  Moutdain. 
A  pit  located  with  very  good  jadgment  by  Capt  J.  G.  Cohoe, 
one  of  the  earliest  and  beet  explorers  on  the  range,  encountered  ore 
on  this  property,  N.  E.  i  Beotion  8,  T.  58-17,  in  the  first  pit  sank,  at 
the  depth  of  thirteen  feet  This  waa  in  the  last  oE  March,  1892. 
The  first  ore  disooTered  in  this  township  was  on  this  property. 
Other  pits  on  the  same  land  revealed  a  large  deposit  of  ore  of  good 
qoality,  and  in  aboat  four  mouths  a  lease  was  made  to  H.  W.  Oli- 
ver, of  Pittsburgh,  on  a  guaranteed  output  of  400,000  tons  annual- 
ly, at  the  high  royalty  of  65  cents  per  ton.  The  income  of  this 
company  is  thus  assured  to  be  more  than  a  quarter  of  a  million  of 
dollars  from  this  property  alone.  An  advance  royalty  of  $76,000 
was  paid  by  BIr.  Oliver.  So  quickly  are  iron  mines  developed  and 
turned  into  oa^  on  the  Mesabi. 

Okio. 
The  Ohio  Iron  Company  moved  their  workmen  to  the  comer  of 
their  property  nearest  the  first  pit  on  the  Missabe  Mountain  in 
April,  and  were  rewarded  by  finding  soft  bine  hematite  of  excel- 
lent quality  in  several  pits.  Early  in  Jane  this  property  was 
leased  to  James  Sheridan,  of  Duluth,  and  others,  who  ^ipreed  to 
pay  (97,500  a  year  in  royalties  at  the  rate  of  65  cents  per  ton. 
Lake  Superior. 
In  Febmary  or  March  ore  was  found  in  the  northeast  qoEtrter  of 
section  22,  T.  58-20,  on  the  land  of  the  Lake  Superior  Iron  Oompany. 
This  was  the  fourth  township  in  which  ore  had  been  found  and  its 
discovery  added  greatly  to  the  already  intense  excitement  in  Dul- 
uth. The  statement  was  often  made  that  the  whole  country  was 
fall  of  iron  ore  and  that  a  teet-pit  could  hardly  fail  to  find  it.  Some 
were  of  the  opinion  that  iron  ore  would  be  so  abundant  as  to  be 
worthless,  and  that  the  minee  were  equally  so.  It  is  needless  to 
say  that  this  opinion  was  held  by  those  who  were  ignorant  of  the 
immenee  ctmsnmption  of  iron  in  this  country.  It  is  also  superfiu- 
ODS  to  add  that  this  idea  was  exaggerated  beyond  all  bounds. 

Several  teat  pits  found  ore  on  the  property  of  this  company,  both 
at  the  first  location  and  at  another  farther  west.  As  yet  no  sub- 
lease has  been  made  by  this  corporation,  and  their  intention  may 
be  to  do  their  own  mining. 

At  the  Mountain  Iron  mine  the  quartzyte  is  underlain  by  granite 
as  it  is  also  at  the  Lake  Superior. 
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New  England. 


Id  May  a  fine  body  of  ore  was  disoovered  by  John  Owens  on  the 
property  of  the  New  England  Iron  Company,  N.  W.  ^  N.  W.  ^  seo- 
Hon  9,  T.  58-17.  Later  deTelopmente  hare  ebown  the  existence  of 
nearly  forty  acres  of  ore,  and  most  of  it  is  the  peonliar  soft  blae  ore, 
which  is  the  best  on  the  range.  In  Angast  this  property  was  sab- 
leased  to  Capt.  M.  D.  Moore  and  others  at  a  royalty  of  55  cents  per 
toD  and  an  advance  royalty  of  $60,000.  This  company  oontrols 
other  lands  faTorably  situated  for  the  existence  of  merchantable 
ore  bodies. 

Virginia. 

The  Virginia  Iron  Company  also  fonnd  ore  in  the  N.  £.  ^  S.  E.  J 
flection  8,  T.  58-17,  during  the  month  of  May.  This  property  was 
leased  in  Angust  for  a  Tslaable  consideration.  A  number  of  test 
pits  indicate  that  there  ia  ore  over  a  large  area  on  the  land  of  this 
company.  Like  the  New  England,  Wyoming,  Lone  Jack,  Kanawha 
and  others,  it  belongs  chiefly  to  A.  E,  Humphreys  &  Ca,  who  were 
fortunate  in  their  selection  of  lands  and  who  spared  no  expense  in 
the  rapid  and  thorongb  exploration  of  them.  The  phenomenally 
quick  development  of  the  new  range  is  due  perhaps  more  largely 
to  their  efforts  than  to  those  of  any  other  single  firm  or  individnal. 
Their  ooofidence  in  the  district  and  their  earnest  etTorta  to  develop 
it  deserve  abundant  thanks  and  reward. 

"Paddack'a." 
Ore  waa  found  on  the  S.  W.  J  N.  E.  J  section  3,  T.  58-18,  east  of 
the  Mountain  Iron  mine,  in  May.  This  was  the  second  property 
in  this  township  to  show  a  good  body  of  ora  The  glacial  drift 
here  e:tceed8  fifty  feet  in  depth  and  water  is  troublesome,  but  the 
body  of  merchantable  ore  appears  to  be  of  considerable  extent. 

Lone  Jack,  Wyoming,  Security,  Great  Western  and  JRouokleau, 

Along  in  May  ore  was  found  on  the  above  properties,  all  situated 
in  T.  58-17.  There  is  a  large  bend  in  the  green  schist  ridge  in  this 
township  and  the  largest  group  of  mines  on  the  range  is  situated 
OB  the  fianks  of  this  loop  or  bend.  As  will  be  seen  from  the  map 
these  mines  follow  the  curving  line  of  the  greenstone  ridge,  and 
occur  oQ  its  flanks,  irrespective  of  the  direction  it  may  happen  to 
usnma  No  detailed  description  of  each  property  and  its  devel- 
meot  will  be  given  here,  for  the  work  is  not  sufficiently  advanced 
to  warrant  it  and  the  main  features  are  similar  to  those  already 
described  on  other  properties.  .  . 
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There  10,  however,  one  peculiar  oooaneaoe  od  the  Lone  Jack  and 
MiBBabe  Moontaio  to  which  reference  has  already  been  made. 

There  appearB  to  be  a  pre-glacial  gorge  formerly  excavated  by 
eome  stream  flowing  in  a  westerly  direction  down  from  the  green 
schist  ridge  across  the  Lone  Jack  and  Missabe  Mountain  into  the 
valley  in  the  southwest  part  of  the  township.  This  gorge  was  in 
some  way  filled  with  gravel,  at  the  present  time  composed  prin- 
cipally  of  round,  water-worn  fragments  of  hard  ore.  The  drift  man- 
tle was  subsequently  spread  over  the  top  of  the  flUed  gorge  and  the 
ore  on  t>oth  sides  of  it.  At  the  bottom  of  this  gravel-£IIed  gorge 
is  a  stratified  layer  of  light  colored  kaolinio  material  which  varies 
in  thickness  from  a  few  inches  to  twelve  feet.  Beneath  this  stratum 
of  kaolin  is  soft  blue  hematite  similar  to  that  foand  by  test  pits 
north  and  south  of  the  supposed  gorge  on  both  the  Lone  Jack  and 
Missabe  Mountain.  The  depth  of  this  ore  gravel  in  the  gorge  is 
more  than  sixty  feet.  The  test-pits  sunk  on  both  sides  of  it  en- 
counter ore  at  the  depth  of  from  eight  to  fifteen  feet  as  the  thick- 
ness of  the  drift  varies.  The  so-called  ore-gravel  ie  mostly  hard, 
dark  colored  hematite  and  is  cemented  by  a  soft  ferruginous  paste 
oontaining  more  or  leee  of  the  kaolinio  matter.  It  is  not  certain 
that  this  gravel  was  ore  when  it  was  deposited  in  its  present  posi- 
tioD,  but  it  does  appear  likely  that  it  is  not  a  constituent  part  of 
the  Taoonic  strata.  The  fine  deposit  of  kaolin  which  separates  it 
from  the  bine  ore  below  and  on  the  sides  was  perhaps  derived  from 
the  detritus  of  the  feldspathic  green  schist,  altboagh  it  is  similar 
to  material  fonnd  elsewhere  at  the  base  or  lower  edge  of  deposits 
of  ore,  and  may  thns  be  a  product  of  chemical  alteration  in  sHu. 

McKinley. 

In  December,  1891,  ore  was  found  on  the  McKinley,  N.  W.  ^ 
S.  E.  ^  section  8,  T.  58~I6.  During  January  work  progressed  rapidly 
nnder  the  direction  of  Mr.  D.  McEinley.  Three  pits  were  sunk  in 
good  soft  blue  hematita  Having  proven  the  existence  of  a  good 
mine  here  work  ceased,  until  railroad  facilities  could  be  obtained, 
before  the  full  extent  of  the  deposit  was  revealed.  The  property 
is  a  large  one  and  there  is  abundant  opportunity  for  a  very  fiae 
deposit  of  ore. 

Daring  the  winter  of  1891-'92  work  was  vigorously  prosecuted  on 
all  these  properties,  and  the  discovery  of  such  a  large  amount  of 
ore  produced  quite  an  excitement  in  Duluth  and  among  northwest- 
ern iron  miners,  in  the  months  of  January,  February  and  March, 
1892.  Many  new  companies  with  a  very  lat^e  capital  stock  were 
organized,  and  the  work  of  searching  for  iron  deposits  was  began 
in  dozens  of  camps  in  the  dead  of  winter.    Log  camps  were  erected 
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and  toDB  of  sapplies  were  taken  on  rannere  to  the  Tarione  locations 
weet  of  Mraaba  Btation  on  the  ]>nlath  and  Iron  Bange  railroad. 
The  organization  of  these  ooinpanies  was  a  matter  of  speoalation. 
The  lands  were  held  nnder  State  or  private  lease  at  a  royalty  of  26 
or  30  cents  per  ton,  or  in  fee,  and  were  selected  without  any  knowl- 
edge of  the  region  or  the  properties  or  the  possibility  of  the  die- 
oovery  of  ore  thereon.  It  was  to  be  expected  that  many  companies 
vonld  be  disappointed  in  the  search  for  ore  and  that  the  expense 
of  operating  would  soon  drain  the  exchequers  of  others.  This  was 
in  fact  the  case,  but  it  must  be  admitted  that  the  number  of  soo- 
ce§afDl  ones  was  surprisingly  large. 

Other  discoveries  of  ore. 
There  are  authentic  reports  of  the  disoorery  of  merchantable  ore 
in  townships  58-20,  58-21  and  67-22,  on  the  lands  of  the  Washing- 
ton, Mesabi  Chief  and  Lake  Superior  Iron  companies,  as  well  as 
on  land  under  lease  to  J.  M.  Longyear.  These  have  not  been  vis- 
ited recently  by  the  writer.  Neither  has  the  Diamond  mine  in 
56-21  This  mine  has  been  operated  for  several  years  nnder  the 
superintendence  of  Mr.  E.  W.  Griffin,  of  Minneapolis.  The  re- 
Bolts  were  not  at  first  satisfactory,  and  considerable  tronble  was 
experienced  with  water.  It  is  reported  that  the  work  is  at  present 
being  conducted  in  a  body  of  good  soft  ore.  The  Qnnflint  Lake 
Iron  Company,  under  the  direction  of  Mr.  John  Paulson,  is  pre- 
paring to  mine  the  maf^netio  ore  on  the  eastern  end  of  the  Mesabi 
range  in  township  64-5.  The  Port  Arthur,  Dulnth  and  Western 
railroad  is  in  operation  to  a  point  near  these  deposits. 

List  of  Sob-Leabes  Already  Made. 

Ulnlmam 

Advance  output, 

Mine.  Boyalty.  royalty.  t«DB, 

Cincinnati.    [To  Standard  Ore  Co.]  . .  $.55  $25,000  150,000 

Biwabik.  [To  P- L.  Kimberlev.] 50         300,000 

Biwabik.  [To  Berringer  et  al.  ] 50         •100,000 

Virginia.   [To  Weimer  et  al.  1 50  25,000  50,000 

Wyoming.   [To  A.  J.  Decker.  ] 30  40,000  26,000 

Wyoming.   [To.  J.  T.  Jones.] 50          26,000 

Wyoming.  [To  Parkersburglron  Co.]  .50  30,000  50,000 

New  England.  [To  N.D.Moore.] 55  50,000  150,000 

New  England.   [To  J.  B.  Weimer.].. .    .50  25,000  50,000 

Lone  Jack.   [To  Moore  A  Foley.] 65          50,000 

Miasabe  Monntain.  [To  H.W.  Oliver]  .65  75.000  400,000 

Ohio.  [To  Jas.  Shendan  etal.] 60         150,000 

Hale.  [To  F.A.Bates  and  H.P.Barbour]   .50&  .40 50,000 

1,550,000 


IK  e»cfa  u]t«riiate  year. 
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LI8T  OF  MINING  COMPANIES  INOORPOBATED  IN 

MINNESOTA  DECEMBER  1,  1890,  TO 

SEPTEMBER  1.  1892.* 


[The  D&me  of  th«  oomp&Dr  Is  followed  by  the  place  ot  Its  prlnolpkl  office,  the 
ftmoutitot  capital  stock,  number  ot  BhareB.  date  ot  Inoorporatlon  and  namas  of  ioeor- 


Allegheny  Iron  Mlnlnir  and  Milling  Company;  Duluth:  $1,500,- 
000;  160.000  stares;  May  11, 1882.  C.  C.  Merritt,  W.  O.TiUoWim.P.  Ham- 
U,  Grant  Wyatt,  D.  W.  Evans. 

American  Mining  Company;  Minneapolis;  tS.OOO.OOO:  30,000  sb ares; 
March  1,  1892.    D.  M.  Clouffh,  J.  £.  Sutpbin,  B.  Jamison,  F.  6.  JamQS. 

Anderson  Iron  Company;  Duluth;  91,000,000;  40,000  shares;  July 
16, 1891.    A.  R.  Macfarlane,  W,  C.  Sherwood,  J.  T.  Hale. 

Atbens  Iron  Company;  Duluth;  83,000,000;  30,000  shares;  March  3, 
1892.    L.  Merritt,  A.  Merritt,  K,  H.  Palmer. 

Atlkokan  Iron  Company;  Duluth;  1250,000;  2,MW  shares;  Jan.  1», 
1892.  S.  Meniece,  A.  Snyder,  W.  Getty,  ^.  J.  McLaughlin,  M.  McMahus, 
J.  I.  Gilbert,  W.  McEae,  A.  P.  Cook. 

Aurora  Iron  Company;  Duluth;  $3,000,000;  30,000  shares;  April  8, 
1892.  J.  McKiDley,  A.  E.  Humphreys,  P.  S.  Bemis,  J.  Billings,  Q.  N. 
Blssell. 

BesBemer  Iron  Development  and  Mining  Company;  Dulutb; 
•100,000;  1,000  shares;  Aug.  23,  1892. 

Bessemer  Iron  Company;  Duluth:  83,000,000;  120,000  shares;  Feb. 
27,  1892.  L.  J.  Hopkins.  G.  H.  Claypool,  H.  S.  Mahon,  C.  J.  Kershaw, 
A.  E.  MiiCordic,  W.  B.  Silvey,  W.  G.  Crosby,  E.  C.  Jones. 

Blwablk  Mountain  Iron  Company;  Duluth;  $2,000,000;  Oct.  9, 
1890;  83,000,000;  30,000  shares;  Oct,  n,  1S91.  L.  Merritt,  B.  H.  Hall,  J.  J. 
Wheeler. 

Boston  Iron  Company;  Dulutb;  92,000,000;  20,000  shares;  March  1, 
18B2.    J.  McKlDley.  G.  W.  Buck,  G.  F.  Piper,  J.  T.  Hale. 

Boston  Iron  Company;  Duluth;  83,000,000;  Juue  16,  1892.  Changed 
to  McCaskill  Mining  Company. 

Bradley  Iron  Company;  Duluth;  $2,000,000;  20,000  shares:  March  I, 
1892.    H.  C.  Hanford,  Q.  F.  Piper,  E.  L.  Bradley. 

Buckeye  Iron  Company;  St.  Paul;  83,000,000;  30,000  shares;  March 
4.  1892.  F.  Barrett,  E.  D.  Sawyer,  J.  H.  James,  W.  W.  Braden,  J.  H. 
Baker. 

Buffitlo  Land  and  Exploration  Company;  Duluth;  8125,000:  125,- 
000  shares;  July  27, 1892.  W.  B.  Richardson,  C.  Adams,  J.T.Hale,  H.  W. 
CotHn,  O.  H.  Hewit,  D.  G.  Cash,  J.  D.  Stryker. 


lupanles  previously  Incorporated  In  Hlnaeiota  tor  ttie  aur- 

iD  No.  e.  "The  Iron  Ores,  ot  Mlai.eJOta,"  p.  m.  , 

Co  Ogle 
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Camdnn  Iron  Compauy;  Dulutb:«  1,000,00 J:  Marcb25, 1892;  11,200,- 
000;  12,000  Bhares;  April  6, 1892.  J.  G.  Williams,  J.  B.  Lovell,  H.  G.  Inger- 
sol),  A.  J.  Decker. 

Cftmesle  Wiaing  Company,  The;  Dalutb:  $1,000,000;  10^  sbares; 
April  4, 181)2.  S.  P.  Davidge,  E.  Zobrlaut,  B.  F.  Fitzgerald,  T.  E.  McGarr, 
J.  R.  Ball. 

Central  American  Mining  and  Improvement  Company;  St. 
Paul:  SIOO.OOO;  20,000  sbares;  Jan.  4,  ]89:i.  W.  M.  Davis,  P.  Fletcber,  S. 
U.  M^fotBa. 

Uentral  Vermilion  Iron  Compauy;  St.  Fatil;  9800,000;  80.0008bares; 
March  22,  1892.  Js.  A  HeudricksoD.  A.  Sctaefter,  E.  J.  HodgeoD,  0.  W. 
Cox,  L.  E.  Ji^soD,  Jr. 


Cbicarn  Iron  Company;  Duluth;  aS.OOO.OOO;  50,000  shares;  Feb.  15, 
iBS2.    A.  E.  Humphreys,  E.  C.  Qrldley,  J.  McKtoley,  J.  T.  Hale. 

Cincinnati  Iron  Company;  Duluth;  $3,000,000;  120,000  shares;  Not. 
2t,  1891.  L.  Prichard,  F.  Woadmau,  A.  E.  Humphreys,  S.  McKinley, 
J.T.Hale. 

Glaric  Iron  Companj';  Dnlutb:  93  000,000;  30,000  shares;  March  7 
1892.  M.  J.  Clark,  P.  Jewell,  M.  W.  Bates,  G.  F.  Piper,  A.  B.  Upton, 
C.  P.  McComb. 


Coliunbla  Iron  Company;  Duluth;  93,000,000;  30,000  shares;  March 
14. 1802.  J.  McKinley,  D.  McKinley,  G.  S.  Ostrum,  J.  E.  Lobdell,  S.  O. 
Brooks,  T.  G.  Yerxa,  E.  B.  Swygart,  G.  M.  Bissell,  A.  C.  Clausou. 

C(rinmbD8  Iron  Company;  St.Paal:  S2,000,000;  20,000 shares;  March 
23, 1892.  F.  Barrett,  W.  W.  Bradeo,  M.  Clark,  J.  McCarthy,  A.  S.  Bates, 
H.  b.  Brooks. 

Comstocfe  Iron  Mining  Company;  Duluth;  (5,000,000;  60,000  shares; 
March  11,  1892.  G.  T.  Porter,  F.  W.  Merrltt,  G.  A.  Elder,  A.  D.  Thom- 
son, H.  Simpson,  W.  H.  Holbrook. 

rongolidated  MiHsabe  Iron  Company;  Duluth:  $3,000,000;  30,000 
sbaree;  March  14,  1892.  G.  M.  Nelsou,  L.  Merrltt,  B.  Jamison,  A.  Erwin. 
J.  Halber,  E.  D.  Chase. 

:  Duluth;    94.000,000;   40,000  shares; 
ffinehip,  A.  E.  Humphreys. 

Dayton  Iron  Mining  Company;  Duluth;  |I,000,OOG:  10,000  shares: 
Feb.  29.  J892.  J.  C.  Semple,  J.  W.  Karl,  W.  P.  Strickland,  J.  F.  Landry, 
N.  &..  Oearliart,  C.  A.  Long,  W.  A.  Barr,  H.  P.  Haskell,  6.  F.  Copeland. 

Detroit  Iron  Company;  Duluth;  ^000,000;  120,000  shares;  Feb.  18, 
18S2.   J. T.Hale, F.K  Kennedy,  J.  M.  Root. 

Diamond  Iron  Mining  Company,  The;  Minoeapolis;  9100,000; 
1,000  shares;  Aug.  20,  1892.    G.  F.  Warner,  A.  Richardson,  H.  H.  Smith. 
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Elk  Iron  Mlninff  Compaiij'.  Tbe;  St.Paul;  S3,000,000;  30,000 shares; 


Iff  Companj',  Tbe;  St.Paul;  S3,000,000;  30,000 shares; 
R.  Grofl,  D.  D.  Merrill,  Jr.,  W.  B.  Richards,  J.  L. 


don,  J.  A.  Gowan. 

Great  Northern  MlniB^  Company;  Dulutb;  $2,000,000;  20,000 
Shares;  Jan.  2,  1892;  $3,500,000;  35,000  shares;  April  2,  1862.  Q.  L.  Bob- 
bins, E.  T.  Merrltt,  J.  T.  Culberteoo,  H.  B.  Merrltt,  E.  B.  Brace,  T,  A. 
Merrltt,  E.  W.  Allnutt,  F.  W.  Merritt,  H.  A.  Wing. 

Great  Western  Mining  Compauy;  Dniuth;  «6,000,000;  60,000 
shares;  March  5,  1892.  A.  Merrltt.  L.  Merrltt,  G.  L.  Etobbins,  J.  Culbert- 
aon,  E.  T.  Merrltt,  F.  W.  Merrltt,  N.  B.  Merritt,  C.  C.  Merrltt,  D.  B.  Searle, 
C.  A.  Gllman,  M.  Simpson. 

Guaranty  Silver  IHlninsr  Company;  MinneapoliB;  9600,000;  600,000 
shares;  JuneS,  1891.  A.  C.  Dunn,  J.G.Rlcke,  A.  D.  Westby,  C.  D.  White, 
E.  Robinson. 

Ouafllnt  Lake  Iron  Company;  Dulutb;  1100,000;  l.OOOshares;  Mar. 
21, 1892.    J.  Paulson,  K.  Eortgaard,  O.  D.  Einney. 

Hale' Iron  Company;  Ihiluth;  93,000,000;  30,000  sbaies;  Mar.  2,  1B8Z. 
J.  T.  Hale,  E.  0.  Grldley,  J.  Norton. 


Henrietta  Iron  Company,  The;  Minneapolis;  950,000;  500  shares: 
April  27, 1892.  G.  F.  Moulton,  O.  J.  Hevitt,  J.  Paulson,  G.  A.  Morse, 
W.  H.  Cooper. 

Hidden  Treasure  Silver  MlnlOK  Company;  Minneapolis;  tlOO,- 
000:  100,000  ahares;  Dec.  28.  1891.  D.  HcKenzle,  s.  Campbell,  L.  Kim- 
ball, F.  W.  Nevens,  W.  R.  Steadman. 

Horton  Mining  Company;  Dulutb;  $500,000;  50,000  shares;  Jan.  28, 
1892;  II  ,000,000;  100,000  shares;  Feb.  20,  1892.  G.  W.  Horton,  S.  G.  Wight- 
man,  R.  H.  Harris,  W.  E.  Worden,  S.  S.  Smith,  H.  B.  Moore.  W.  D.  Bd- 
80D,  R.  V.  Edson. 

Imperial  Mountain  Iron  Mininv  Company,  The;  St.  Paul; 
11,000,000;  10,000  shares;  April  11^891.  J.  P.  Heatwole,  J.  Roach,  A.  B. 
Kelly,  S.  Finicelson,  L.  D.  Baird,  W.  B.  Joyce,  J.  J.  Furtobg. 


Iron  Cliff  Minine  Company;  Dulutb;  (3,000,000;  30,000  sbares; 
March  6, 1892.  H.  Keller,  J.  C.  Flynn,  J.  Kraker,  S.  S.  Titus,  J.  E.  Howes, 
W.  N.  Holbrook,  M.  Johnson,  A.  B.  Plough,  T.  G.  Alvord.  N.  C.  Thrall, 
J.  6.  SutphiD.eCai. 


Kamlnlstlqne  Iron  Company;  Minneapolis;  SlODjOOOi  10,000 shares; 
Dec  3,  1891.  S-  Q.  Hall,  H.  S.  Smith,  6.  A.  Castle,  R.  D.  Arundell,  G.  L. 
§tacy,  A.  M,  HiUman,  E.  W.  Ginter. 

Kanawha  Iron  Company;  Duluth:  92,000,000;  20,000  shares;  Feb. 
15,  1892.    A.  E.  Humphreys,  J.  T.  Hale,  Q.  E.  Milligan. 
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arson,  E.  R.  Brace,  F.  B.  Lazier,  J.  T.  Hale,  C.  L.  Codding. 

lACkawannft  Iron  Company;  Dulutb;  »3,(I0D,000;  30,000  shares;  Mar. 
.1,  1892.  F.  L.  De  Forest,  W.  G.  Park,  M.  J.  Davis,  K.  F.  Clark,  J.  A 
Taylor. 

Lak«  Sapeiior  Iron  Company;  Duluth;  16,000,000;  200,000  shares; 
March  n,  1W2.  A.  J.  Trimlile,  W.  D.  Veroam,  W.  H.  Buflum,  F.  Hlb- 
bing,  W.  HuDro. 


Little  Meaabl  Iron  Company;  MlQDeapolis;  t3,000,00O:  30,000  shares; 
March  IS,  1892.  R.  W.  Cavenaugb,  E.  S.  Bean,  Q.  H.  Dodge,  £.  F.  Dodge. 
A.  C.  Paul. 


Lucky  Hit  Mining  and  MUllnr  Company;  MinneapollB;  t250,000; 
SSQ,O0O  shares;  March  11, 1S91.    S.  Parker,  W.  F.  Albee,  J.  L.  Parker. 

Midlmann  Iron  Mining  Company;  Duluth;  tl.OOO.OOO;  100,000 
shares;  March  6,  1692.  A.  H.  Vlele,  A.  J.  Trimble,  F.,L.  Cowen.  In< 
creased  capital  stock. 


McKinley  Iron  Company;  Dulutb-.  es.OOO.OOO;  50,000  shares;  May 
SS,  1892.  W.  McKinley,  jToharnley,  J.  McKinley,  O.  N.  Bissell,  D.  Mc- 
Kinley, J.  BilltDgs. 


Hesabl  Cblef  Iron  Company;  Duluth;  (3,000,000;  30,000  shares; 
March  1,  1892.  W.  B.  Gardner,  J.  C.  Mishler,  S.  G.  Wigbtmao,  R.  F. 
WillcutB,  C.  D.  Smith. 

t.Paul;  «,OOO,O0O;  40,000 


*iuu,uuu,  iviuvu  snares;  iiu|j.  lo,  loui.  r  .  a.,  r  isuci,  i>.  n.  oiiiicuuii,  ■•  • 
H.  Barrows,  D.  Q.  MIchell,  S.  F,  Channell,  J.  A.  Bowman,  S.  A.  Reed.  J. 
B.  Starkey,  J.  H.  Clark. 

HlnnespoHs  Iron  Company;  Hinneapoll!);  93.000,000;  30,000  shares; 
Feb.  23.  1892.  E.  M.  Mabie,  A.  B.  McGtIl,  G.  L.  Becker,  C.  N.  Smith,  W. 
S.Hitnor,  J.  J.  Ankenj. 


Uinneapolis  BUnlnK  and  Milling  Company;  Mieneapolis;  S300,- 
000;  60D.O0U  sbares;  Dec  26,  1891.  J.  Pye,  S.  Parker,  W.  Hartley,  W.  F. 
Albe«,  J.  L.  Parker. 

Hlnnelialia  Mining  and  Milling  Company;  MiDoeapnlls;  $500,- 
000;  900,000  sbares;  April  26, 1892.  G.  Danforth,  L.  P.  Crevier,  F.  H.  Wen- 
dell, K.  E.  Brewster,  D.  F.  Strobeck. 
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Mlssabe  Central  Land  and  Exploration  Compaay:  Duluth; 
SIOO.OOO;    10,000  shares;    Jao.  2,  1892.       A.   MerriU.  B.  H.   Palmer,  J. 

Helmer. 

MifiHsbe  and  Northern  Townslte  Company;  Duluth;  S50,000;  500 
shares:  March  11,  1892.  L.  Merrltt,  B.  H.  Palmer,  N.  B.  Merritt,  A. 
Merritt, 

MlttSBbe  Mountain  Iron  Company;  Duluth;  $3,000,000;  aO.OOO 
Shares;  Feb.  4,  1892.     L.  Merritt,  J.  E.  Merritt,  K.  D.  Chase. 

Hissabe  Honarcb  Iron  Company;  Duluth;  93,000,000;  30,000 
shares;  March  12,  1892.    L,  Merritt,  R.  H.  L.  Jewett,  W.  P.  Jewett. 


Myrua  Iron  Mining  Company;  Duluth;  8200,000;  100,000  sbaree; 
Feb.  U,  1891.  T.  H.  PreBsnell,  F.  HlbbluR,  R.  D.  Mallet,  A.J.  Trimble, 
F.  I.  Tedtord. 


Qell,  J.  A.  Boggs. 

New  ICugland  Iron  Company;  Duluth;  83,000,000;  30,000  shares; 
March  15,  1892.  A.  E.  Humphreys,  J.  McKlnley,  A.  J.  Blethen,  L.  Swift, 
Jr.,  W.  H.  Lynn. 

New  Tork  Iron  Company;  Duluth;  83,000.000;  120.000  shares;  Mar. 
1.  18B2.  C.  C.  Merritt,  A.  K.  Merritt,  H.  W.  Coffin,  J.  T.  Halo,  E.T. 
Merritt. 

Nibiwa  Iron  Company;  Duluth;  850,000;  600  shares;  Aug.  20,  1691. 
W.  H.  Fisher,  J.  H.  Upham,  D.  H.  Merritt,  L.  Merritt,  W.  A.  Ban. 


Ohio  MininK  Company;  Duluth;  81,000,000;  100,000  shares;  Feb.  I, 
1892;  83,000,000;  30,000  shares;  April  18,  1892.  J.  E.  Campbell,  E.  D.  Saw- 
yer. W.  J.  Hiiands,  C.  F.  Nester,  R.  S.  Hunger,  M.  R.  BaldwlD,  T.H. 
Pressnell,  J.  K.  Persons,  F.  Barrett,  S.  R.  Alaiilie. 

Oneota  Iron  Hlnlnff  Oompaoy;  Puluth;  81.600,000;  15,000  shares; 
March  1,  18B2.  F.  W.  Merritt,  J.  Fraier,  Q.  W.  Maon,  G.  Wyatt,  J.  M. 
McLennan,  E.  F.  Clarice. 

Oatcron  Iron  Minlngr  Company;  St.  Paul;  8500,000;  5,000  shares; 
May  10,  1892.  0.  A.  Hutchinson,  Q.  Lill,  J.  F.  Whiting,  D.  H.  Case,  F. 
Barrett. 


Pennsylvania  Iron  and  Steel  Company;  Dututb;  83,000,000:  30,000 
shares;  March  5,  1892.  Nels  Hall,  D.  W.  Evans,  S.  W.  Clark,  A.  T.  Scar- 
lett, N.  A.  Gearhart,  A.  C.  Pearsons,  G.  Wyatt. 

Pipe  L.ake  Nickel  Mlnine  Company;  Duluth-.  $500,000;  50,000 
shares;  June  9,  1891.  R.  Forbes,  G.  N.  Stevenson,  W.  H.  Trescott,  J.  T. 
Wateon,  M.  Douglas, 
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Plttobai^ta  Iroa  Company;  Duluth;  8100,000;  4,000  shares;  Dec.  12, 
1891.    W.  McKlDley,  J.  McKioley,  A.  J.  Trimble. 


juij  I,  iOBi.    f.  u.  Liiu^u,  jj.  D.  lyucn,  u.  11.  Htjlycr,  C.  W.  McFaddeD, 
C  T.  Le  Touroeau. 


1882.    J.  T.  Hale,  E.  C.  Grldley,  S.  R.  Payne,  J-  P.  Morrow,  E.  G.  Chap- 
maD,  H.  S.  StearDB,  J.  Sheridan,  0.  d'AutremoDt. 

BepubUc  Iron  Company;  Duluth;  O.OOO.COO;  12a00O  shares;  March 
22, 1892,  P.  M.  GralT,  F.  W.  Eaton,  J.  G.  Browo,  B.  J.  Byan,  A.  KrwlD, 
G.  M.  Nelson,  B.  Jamison. 

Bouchlean  Iroii  Company;  Duluth;  95,000,000;  60,000  shares;  Mar. 
18,  1892.  L.  Eouchleau,  F.  W.  Hiftgins,  G.  Gilbert,  G.  F.  Piper,  C.  E. 
Shannon,  G.  W.  Buck,  T.  B.  Mills. 

SecoritT  Iron  Company;  Duluth;  $3,000,000;  30,000  shares;  March  1, 
18S2    J.  T.  Hale,  E.  T.  Merritt,  G.  W.  Buck,  G.  F.  Piper,  R.  H.  Palmer. 

Becnrlty  Land  and  Exploration  Comoany;  Duluth:  SIOO.OOO; 
10.000  shares:  Dec  30,  1891.  G.  W.  Buck,  G.  F.  Piper.  ^.  T.  Hale,  N.  B. 
Merritt,  B.  U.  Palmer. 

Shaw  Iron  Company;  Duluth;  S3,000,000;  30.000  shares;  Dec.  21, 
1891.  D.  W.  Scott,  J.  E.  Davlea,  A.  R.  Merritt,  N.  B.  Merritt,  B.  H. 
Palmer. 

Sberldan  Iron  Company;  Duluth;  91,000,000;  100,000  shares;  DecS, 
1891.  C.  E.  Shannon,  W.  C.  McComber,  B.  H.  Harris,  J.  H.  Harris,  C.  M. 
Gray,  A.  C.  Otis,  G.  R.  Laybourn. 

SUver  Cblef  MtnlDg:  Company,  The;  Minneapolis;  9500,000;  500,- 
000  shares;  Aug.  18,  1892.  M.  N.  Price,  B.  F.  Moore,  0.  L.  Mendel,  F.  M. 
Hutchinson,  FT  L.  Favor,  F.  E.  Mix,  W.  F.  Thayer. 

Southern  California  Bmelttng  and  Befining  Company,  The; 
Los  Angeles;  ».WO,0O0;  shares;  Sept.  5,  1892. 

Standard  Ore  Company,  The;  Duluth;  91,500,000;  60,000  shares; 
Aug.  5.  18B2.  H.  W.  Oliver,  P.  A.  Bates,  H.  P.  Barbour,  A.  D.  Thompson, 
B.  0.  Church,  C.  A.  Congdon. 

Steep  Bock  Mininir  and  Improvement  Company;  Duluth;  950,- 
000;  5O0  shares;  May  13,  1892.    L.  S.  Franklin,  H.  C.  Aah,  A.  E.  Walker. 

Stowell  Iron  Company;  Duluth:  81,000,000;  100,000  shares;  Feb.  16, 
1681.  W.  H.  H.  Stowell.  B.  E.  Baker,  G.  F.  Long,  A.  C.  Jamison,  T.  H. 
Pressnell,  S.  F.  Boyce,  P.  I.  Tedford,  J.  Zimmermann,  L.  W.  Hlzar,  P. 
Barrett. 

8^  Paul  and  Dnlpth  Mlnii^  Company:  St.  Paul;  91,000,000;  100,- 
OOOshares;  April  23,  1892.  S.  S.  Smith,  W.  H.  Squler,  J.  C.  Southall,  W. 
Roan,  W.  P.Curtlss,  B.  H.  Edwards,  P.  P.  McVeigh,  Jr. 

Swan  Iiake  Iron  Miolnff  Company  of  Ulnneiapolls;  Minne- 
apolis; 91^,000;  40,000  shares;  April  4,  1892.  G.  H.  Warren,  W.  G.  La 
Hue,  D.  Walte. 

Swedish  American  Iron  Company;  Duluth;  ^.000,000;  .20,000 
shares;  Feb.  23.  18M.  C.  A.  Smith,  O.  N.  Ostrum,  N.  O.  Werner,  J.  Peter- 
son, L.  M.  Erickson,  A.  Nelson,  K.  Hall,  J.  J.  Eklund,  N.  A.  Linderberg, 
i-  A.  Carlson. 

Towanda  Iron  Company;  Duluth;  93,000,000;  30,000  shares;  March 
2,  IB»2.    J.  T.  Hale,  R  T.  Hale,  J.  Sullivan,  R.  H.  Pilmer,  A.  Merritt. 
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iet>u  irun  <juinp»Dy;  ijuiuin;  nau.uuu;  ouuaaares;  Aug.  au, 
Flaher,  D.  H.  Merrltt,  J.  H.  Upham,  L.  Merrltt,  W.  A.  Barr. 


WflBblDgtoD  IroD  Company;  Dulutb;  V3,000,000;  30,000  abaree:  Har. 
2,  3892.  T.  E.  Mills,  G.  F.  Piper,  J.  SpeQCer,  K.  A.  Taussig,  A.  B.  Upton, 
D.  S.  Culver,  W.  B.  Welies.  G.  A.  Leland,  C.  F.  McComb,  J.  K.  BedlnR- 
ton,  C.  K.  LawreDCe,  M.  W.  Bates. 


Toun^town  Iron  Company;  Duluth;  93.000,000;  30,000  sbares; 
March  1, 1882.  A.  Merritt,  N.  B.  Merrltt,  A.  L.  Warner,  C.  C.  Merrltl, 
B.  T.  Hale. 

Zenitb  Iron  Company;  Dututh;  92.500,000;  100,000  shares;  March  2B, 
1892.    G.  r.  Piper,  H.  H.  Hanford,  L.  E.  Judson,  Jr. 

Method  and  Cost  of  Mining  on  the  Mesabi. 

The  excellent  quality  of  the  Mesabi  ore  and  the  large  amonat  of 
it  have  been  oommented  npoD  in  the  preceding  pages.  A  few 
words  as  to  the  expense  and  probable  method  of  extracting  this  ore 
from  its  bed  and  placing  it  on  the  oars  ready  for  transportation  to 
the  fnrsace  will  be  of  interest.  In  an  article  in  the  Cleveland  Iron 
Trade  Beviev,  July  21,  1892,  the  writer  made  the  following  state- 
ments: 

"The  most  important  feature  of  the  Mesabi,  in  view  of  its  dift> 
tanoe  from  the  fornace  and  forced  competition  with  other  ranges, 
is  the  cheapness  of  mining.  A  few  estimates  will  vaek-e  this  clear. 
Old  methods  and  old  calculations  will  not  answer  on  this  range. 

"Soft  ore,  large  areas  near  the  surface  and  horizontal  deposits  are 
not  to  be  handled  by  deep  shafts,  air-compressors,  timbering  and 
oostiy  pumps.  It  is  the  exception  to  find  the  ore  covered  by  rock, 
and  it  is  nnasnal  to  find  more  than  fifty  feet  of  k1^(J  dnft  lying 
upon  it  It  is  not  to  be  sappoeed  that  there  will  be  only  a  single 
method  of  mining  here.  Different  men  will  have  different  ideas, 
and  different  properties  will  present  different  problems,  but  it  is 
plain  that  the  most  of  the  mines  will  be  worked  as  open  pits,  with 
the  Barf  ace  stripped  off. 
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"EBtim&teB  of  the  ooBt  of  remoTiDg  earth,  sand,  clay  and  gravel 
and  bonldera  osa  be  obtained  from  any  railroad  contractor.  The 
estimBted  cost  per  onbio  ytird  varies  from  eix  to  forty  oents  aooord- 
ing  to  ihe  material  and  the  facilities  for  removing  it  With  a  rail- 
road at  hand  a  ateam  ahovel  will  remove  ordinary  sand  and  gravel 
tor  six  oeniB  a  yard.  By  hand  work,  without  railroad  faoilitiea,  it 
Till  ooat  from  twenty-five  to  forty  centa  a  yard. 

"When  the  eorface  la  stripped  off,  the  ore  is  found  in  fiat  depoaite 
covering  twenty  to  sixty  or  more  acres,  and  from  twenty  to  ninety 
feet  thick.  Test  [fits  are  annk  in  places  one  hundred  and  seven- 
teen feet  deep  by  pick  and  shovel,  without  a  single  drill  hole  or 
blast  of  powder.  In  other  spots  there  may  be  twenty  or  thirty  feet 
in  a  pit  which  is  too  hard  to  pick.  This  can  be  thrown  down  in 
large  qoantitiee  when  there  is  once  a  face  on  it,  and  can  then  be 
loaded  by  hand  or  steam  shovel.  Where  no  blasting  is  required, 
Ihe  expense  of  loading  care  by  hand  labor  will  not  exceed  twenty- 
five  oents  per  ton ;  by  ateam  shovel  it  may  reach  ten  cents.  Where 
the  ore  is  hard  enough  to  blast,  the  expense  of  excavating  and 
loading  on  cars  may  reach  forty  cents.  It  is  not  necessary  to 
reckon  into  our  calculation  any  interest  on  a  large  investment,  tor 
that  is  covered  by  royalty.  No  expensive  plant  is  depreciating  on 
001  hands.  Fewer  damage  suits  arise  from  injuries  received,  be- 
cause onr  men  work  by  daylight. 

"  Let  us  now,  with  these  figures  before  us,  make  a  theoretical  esti- 
mate of  the  oost  of  mining  ore  on  almost  any  property  on  the  Mes- 
abi  which  hss  been  developed  enough  to  show  the  depth  of  ore  and 
tiie  amount  of  stripping.  One  cubic  yard  of  ore  weighs  about  two 
and  one-halt  tons,  one  yard  of  earth  about  one  ton.  The  average 
depth  of  ore  so  far  revealed  on  several  properties  is  seventy  feet, 
and  the  surface  thirty-five  feet  In  other  places  the  ore  ia  sixfy  or 
even  eighi?  feet  thick  and  the  surface  only  twenty,  but  for  the  sake 
of  estimation  let  us  consider  the  ore  only  twice  as  thick  as  the  sur- 
face. There  are  then  two  cubic  yards  of  ore  for  each  onbic  yard  of 
suifaoe.  But  aa  each  yard  of  ore  weighs  two  and  one-half  tons 
there  are  five  tons  of  ore  for  each  yard  of  Borf ace,  and  if  the  etrip> 
ping  costs  the  maximom  of  forty  cents  per  yard  the  cost  for  each 
ton  of  ore  is  eight  cents.  At  the  minimum  of  six  cents  per  yard 
tor  stripping,  the  sbipping  cost  is  only  one  and  one>fif  tb  cents  for 
each  ton  of  ore. 

"  When  the  surface  is  removed  the  ore  is  practically  in  a  huge 
stockpile,  containing  in  some  instances  several  millions  of  tons. 
At  the  maximum  oost  of  mining  this  by  hand  and  in  hard  ore  the 
coat  of  stripping  and  placing  ore  on  cars  is  forty-eight  cents  per 
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ton.  Tii«  minimam  oost  at  the  figarea  given  above  U  eleveii  and 
one-fifth  cents.  The  average  is  abont  twenty-nine  and  cue  half 
cents.  But  as  there  is  more  soft  ore  than  hard  the  average  may  be 
expected  to  be  about  twenty-five  cents.  The  coat  of  timb«'iug 
aityae  in  many  minea  on  the  aoath  shore  of  lake  Superior  ezoeeda 
the  total  oost  of  mining  millions  of  tons  of  ore  on  the  Mesabi." 

If  the  cost  of  mining  ia  25  cents  the  approximate  coat  of  the  ore 
delivered  at  Cleveland  will  be  $3.10,  distribated  as  follows: 

Cost  of  mining, 9  .25 

Royalty, .60 

Bulroad  freight  to  the  lake,      ...        -  .80 

Lake  freight  to  Cleveland, 1.20 

Inaaranoe,  commission,  etc.,      ....  .25 

$3.10 
These  items  will  vary  somewhat.  The  lake  tariCF  at  present  is 
but  $1.00  to  Cleveland,  and  in  aome  oasfls  the  last  item  will  be  only 
15  cents.  The  royalty,  too,  will  vary,  and  will  average  less  than 
60  cents.  Different  methods  of  mining  will  vary  in  expense.  The 
above  estimate  is  for  mining  by  ateam  shovels  and  stripping  off 
the  snrfaoe.  If  the  method  of  nndergroiind  mining  is  adopted  the 
cost  will  exceed  the  figore  given  above. 

The  average  price  for  60  per  oent.  bessemer  ore  is  aot  far  from 
$425  at  Cleveland.  If  the  large  amount  of  Mesabi  ore  made  sad. 
denly  available  should  force  the  price  down  to  $3.75  per  ton,  there 
will  still  be  a  profit  for  the  average  Mesabi  mine  operator. 

Quantity  er  Obe  on  the  Mesabi. 

How  much  ore  is  there  on  the  new  range?  How  long  will  it 
last?  These  are  qneations  of  importance  and  are  frequently  asked. 
The  aoswei  must  be  in  the  nature  of  an  estimate  at  present.  Dif- 
ferent experts  of  equal  skill  wonld  arrive  at  different  results  in  an 
attempt  to  compute  the  ore  in  sight  figures  that  represented 
anything  like  the  truth,  even  though  they  were  made  by  a  compe- 
tent and  disinterested  person,  would  be  received  with  inoredolity 
by  those  not  familiar  with  the  actual  developments.  Besides,  there 
is  no  doubt  that  much  more  ore  will  yet  be  discovered;  bow  much 
is  merely  a  matter  of  speculation.  Hardly  a  week  passes  now 
without  the  announcement  of  a  new  find,  and  new  areas  are  oontin- 
aally  being  tested  and  found  productive  on  the  properties  already 
under  development.  The  Biwabik  company  has  quite  recently  been 
presented  with  another  mine  on  section  ?6,  T.  56-18,  by  the  good 
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judgment  acd  indoetry  of  their  explorer,  Capt  J.  Q.  Cohoe.  The 
namber  of  tnowQ  merchantable  depoeita  already  exceeds  twenty 
and  many  other  promising  looalitiee  have  not  yet  been  explored. 

It  ie  evident  that  there  is  ore  in  store  for  many  years  to  oome, 
and  that  permanent,  investmeDts  and  improvements  of  the  most 
extensive  nature  oan  safely  be  made,  based  on  an  expectation  ot 
the  snfficienoy  and  qaality  of  this 'ore-sapply.  As  already  stated 
oontracts  have  been  made  calling  for  the  minimum  prodactioD  of 
one  and  a  half  million  tons  per  annum.  This  is  eighty  per  cent, 
more  than  has  ever  been  prodaced  by  the  Vermilion  range  in  one 
season,  and  ie  aboat  one-sixth  of  the  entire  lake  Superior  product. 
The  yield  of  some  of  the  largest  mines,  like  the  Mountain  Iron, 
McKinley  and  Lake  Superior,  is  not  included  in  this  minimum 
figure,  nor  are  some  others  like  the  Canton,  Kanawha  and  Great 
Western.  It  is  moreover  likely  that  some  companies  will  ship 
more  than  their  minimum  amount.  It  may  not  be  within  the  first 
two  years,  but  after  they  are  quite  ready. 

Tbanbportation. 

Extensive  railroad  aod  vessel  equipments  are  necessary  for 
handling  the  product  of  an  iron  range.  It  seems  rather  question- 
able whether  the  railroads  running  to  the  Meaabi  will  be  able  to 
handle  the  ore  which  will  be  offered  them  in  1893.  The  iron  mines 
ore  situated  sixty  to  eighty  mites  h'om  lake  Superior.  At  the  be- 
ginning of  1892  there  was  but  one  railroad,  the  Dulntb  and  Iron 
Songe,  which  croesed  the  Mesabi,  and  that  was  twelve  miles  from 
the  nearest  mine.  The  Duluth  and  Winnipeg,  in  running  west 
from  Duluth,  formed  an  acute  angle  with  the  Iron  Bange  and 
orossed  it  at  Grand  Bapids,  on  the  Mississippi  river.  Paring  the 
first  nine  months  of  this  year,  however,  two  roads  were  constructed 
and  put  in  daily  operation  betweeq  Dnluth  and  the  new  range. 

The  first  road  completed  was  the  Dnluth,  Missal>e  and  Northern.  ■ 
From  the  Duluth  and  Winnipeg,  at  Stony  Brook,  this  roed  runs 
iMrth  over  a  level,  drift-covered  region  for  forty-two  miles  to  the 
Mountain  Iron  mine.  The  road-bed  is  excellent,  and  Curves  and 
grades  being  few  the  operating  expenses  will  be  light  It  was 
chiefly  through  the  efforts  of  the  late  M.  B.  Harrison,  Leonidas 
Herritt,  E.  D.  Chase  and  Donald  Grant  that  this  road  was  built 
It  was  pat  in  operatioi^  during  the  first  week  in  October^  By  its 
contratfts  with  the  owners  and  lesstes  of  several  of  the  largest  mines 
this  railroad  is  already  assured  of  large  business.  A  considerable 
number  of  ore-oars  and  heavy  locomotives  are  now  being  con- 
atmcted  for  this  company. 
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The  ore  brought  down  over  the  Diiluth,  Miaaabe  and  Northern 
will  be  handled  by  the  Dolotb  and  Winnipeg  between  Stony  Brook 
and  the  docks  on  Allonez  bay.  This  road  will  also  handle  ore 
which  will  be  delivered  to  them  by  other  branch  roads  to  be  con- 
Btracted  farther  west.  One  of  the^e  roads  is  now  being  bnilt  by 
the  Swan  Biver  Logging  Company  from  the  crossing  of  Swan 
river  to  the  mines  in  townships  57-22  and  58-20. 

The  Dalath  and  Iron  Bange  branch  to  the  Biwabik,  Canton  and 
other  minee  near  the  town  of  Merritt  was  also  completed  in  Octo- 
ber, 1892.  In  spite  of  many  serions -  natnral  obstaclefi,  such  as 
heavy  grades,  this  road  has  as  £ne  a  track  and  equipment  and  is  as 
well  managed  as  any  road  in  the  state.  Its  traffic  is  already  large 
from  the  Yermilion  range,  and  will  manifestly  be  increased  by  the 
large  output  of  the  Mesabi.  It  is  expected  that  both  the  Iron 
Bange  and  Missabe  and  Northern  will  construct  lines  along  the 
range  conneotiug  the  various  towns  and  mines. 

For  assistance  in  many  ways,  for  valuable  information  and  re- 
peated courtesies,  the  officers  of  the  geological  survey  are  indebted 
to  the  Dnluth  and  Iron  Bange,  the  St.  Paul  and  Duluth,  and  the 
Dulnth,  Missabe  and  Northern  railroad  companies.  The  extension 
and  snccessfal  operation  of  these  roads,  as  well  as  others,  is  for  the 
welfare  and  development  of  the  wealth  of  the  state,  and  they  are 
factors  perhaps  second  to  none  in  forwarding  its  prosperity. 

Value  to  the  State. 

The  best  gauRe  of  a  nation's  commercial  and  political  rank  among 
the  nations  of  the  world  is  found  in  the  record  of  its  mining  and 
manufacturing  achievements.  The  country  that  makes  the  largest 
ose  of  its  natural  prodacts  is  the  leader  in  all  that  conetitates  na- 
tional greatness.  One  good  reason  for  the  decadence  of  nations 
formerly  foremost  in  the  world  and  now  of  but  little  importance  is 
.  the  want  of  mineral  resources  or  the  ability  to  utilize  them. 

We  may  go  farther  and  say  that  of  all  natnral  resources  there  is 
none  which,  properly  developed  and  applied,  confers  such  great 
riches  and  commercial  important^e  on  its  possessor  and  user  as 
ton.  Qold  and  silver  mines  are  valuable  and  their  possession  en- 
riohee  nations  as  well  as  individuals,  bnt  "  he  who  poeseeses  iron 
will  soon  be  master  of  the  gold,"  and  its  benefits  to  civilization  are 
greater  and  far  more  lasting. 

Which  are  the  leading  countries  in  the  world  to-dayf  The 
United  States  and  England  are  probably  foremost  in  all  that  de- 
notes prosperity  and  greatness.     Which  are  the  largest  producers 
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Rud  oonsnmers  of  iron  ore?  The  same  two  by  long  odds,  having 
yielded  together  more  than  fifty  per  cent  of  the  world's  oatpat  in 
the  year  IU8d. 

The  same  troth  is  borne  oat  by  a  oousideration  of  the  different 
States  of  the  United  States.  The  f  onr  most  popalooB  and  wealthy 
States  in  the  Union  are  New  York,  PeDnsylvaQia,  Illinois  and  Ohio. 
Id  1890  these  foar  States  ranked  respectively  fifth,  first,  fourth  and 
third  in  the  prodactloD  of  pig  iron,  having  prodaoed  iu  the  aggre- 
gate 73.6  per  cent  of  the  entire  yield  of  the  United  States.  In  the 
prodactioD  of  steel  they  ranked  in  the  same  order. 

In  Dfichigan,  y/iscoQeiii  and  Minnesota  there  was  an  average  in- 
crease in  popalation  amounting  to  forty-one  per  cent,  in  the  decade 
from  1880  to  1890.  In  these  States  the  prodaction  of  iron  ore  in- 
creased in  a  more  than  corresponding  ratio.  The  average  increase 
oE  Michigan  and  Wisconsin  was  1210  per  cent.,  while  Minnesota, 
which  did  not  appear  ae  a  producer  in  the  tenth  census,  ranks  ^//A 
among  the  States  in  the  eleventh.  These  commonwealths  have  not 
derived  their  fall  benefit  from  this  large  production  of  iron  ore  for 
two  reasonB.  First,  they  have  been  producers  but  a  few  years. 
Second,  their  ore  has  been  shipped  away  to  be  ooneumed  in  other 
regions;  and  it  is  not  merely  the  production  of  iron  ore,  bat  the 
combined  production  and  oonaumption  or  manufacture  of  iron  that 
resnlts  in  the  greatest  growth  and  prosperity. 

With  the  exploitation  of  the  mines  on  the  Mesabi  there  will  arise 
commuDities  of  inhabitants  who  will  populate  the  northern  portion 
of  the  state  more  rapidly  than  would  be  the  case  for  almost  any 
other  reason.  All  the  industries  oonneoted  with  mining  and  the 
support  of  a  large  number  of  people  will  be  rapidly  promoted.  But 
the  greatest  good  will  come  only  from  the  establishment  of  fur- 
naces to  reduce  the  ore  and  factories  to  make  finished  articles  for 
Bhipment  to  the  western  markets., 

lilinneeota  has  within  her  borders  the  greatest  iron  district  known 
in  the  world  to-day.  It  lies  within  her  power  to  l>ecome  the  lead- 
ing state  in  America.  With  these  facts  before  them  it  is  incum- 
bent npon  the  citizens  of  this  commonwealth  to  consider  most  seri- 
onaly  how  to  derive  the  greatest  benefits  from  her  mineral  wealth. 
It  is  a  sober  fact  that  more  merchantable  iron  ore  is  already  known 
to  exist  on  the  Mesabi  range  than  has  been  prodaced  from  all  the 
other  mines  in  the  lake  Superior  region  since  they  were  first  die- 
oovered.  With  this  poaeibility  of  uuprecedented  prosperity  and 
indnatriBl  growth  every  facility  and  inducement  should  be  extended 
to  those  who  may  establieh  furnaces  and  factories  within  our  boun- 
daries. 
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Dieooveries  of  ore  on  lauds  owned  and  leEised  by  the  State  already 
promiae  an  atinaal  iucome  of  a  quarter  o(  a  million,  to  be  paid 
directly  ioto  the  State  treasary  in  the  shape  of  royalties.  The  erec- 
tion of  blast  farnaces  to  oonsnme  this  ore  would  result  in  beoeSte 
to  the  state  at  large  equal  to  eeveral  timee  the  amount  of  these 
royalties.  It  might  be  a  wise  move  on  the  part  of  the  State  to  pay 
a  bounty  on  each  ton  of  ore  rednced  within  her  limits.  If  this 
bounty  were  simply  enongh  to  offset  the  royalty  it  would  be  a  con- 
siderable inducement  for  the  establishment  of  farnaces,  and  would 
be  8  paying  investment  for  the  State. 

CLASSIFICATION    OF  THE  THEORIES   OF  THE   OSIQIK  OF  IBON   OKE&l 

In  discussing  the  various  theories  proposed  for  the  origin  of 
iron  ores  in  Bulletin  No.  6,  the  sgheme  or  order  adopted  by  Prof 
A.  A.  Julien  was  followed.  It  has  not  proven  entirely  satisfactory, 
being  often  inconvenient  and  confusing.  The  following  dsasifi- 
oation  may  be  used  iu  the  study  of  the  subject  with  a  clearer 
understanding  of  the  differences  in  the  ideas  entertained  by 
geologists  on  this  interesting  question: 

A.  Mechanical. 

a.  Extra-terrestrial  or  cosmlcal. 
1.    Meteoric  fall.     [l.]t 

b.  Terrestrial. 

1.  Subterraoean — eruption    Id    dykes     or    accompauylng    bafaltlc 

Rows.      [2.] 

2.  Superficial  action. 

a.    Violent  abrasion  aoiS  transport.      [13.] 

6      Ordinarv  ernsion  i  ^-    Concentration  of  Iron  sands.  [14.] 

0.     Urdinary  erosion.  ^2.    Oceaaic  sedimentation.  [8.] 

B.  Chemical. 

a.    ChaoBes  In  situ. 
1-.    Cbaoge  Id  the  kind  or  quantity  of  iron  already  present  in  the 
rocks. 
a.    Alteration  of  diffused  ferric  oxide  Into  ferrous  carbonate,      [10. 
Ii.    Metamorpbism  of  bogore.     [11.1 

c.  Mctamorphisni  of  lakeore.    [12.] 

d.  Alteration  of  ferrous  carbonate  or  sulphide  into  ferric  oxide. 

[8  in  part.] 
2.    Chanjj'i  ii  the  kind  or  quantity  of  other  minerals, 
a.    Substitution  of   iron  oxide  for   some  n  on -ferriferous  tnlnerai. 

[17.] 
6,    Coacentration,  by  removal  of  other  constituent*.    [4.]   Similar 

toB  a  1. 
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c    Electro-telluric  action.    [16.] 
b.   Removal  by  chemical  action  and  subsequent  deposition. 
I.   By  action  of  heat— sublimation.    [3.] 
Z.    By  actlfin  of  water, 

r  1.    Oceanic  precipitation.    [8  in  part.] 
I  [a.    Secondary  product  of  the  de- 

a.    In  drainage  baslna.  I  composition   of   basic   rocks 

[  2.     \  [18.] 

I  b.    Secondary    product    from   the 
I  decomposition  of  pyrlte.    [7.] 

,     y      .  ir    J  ^-    Saturation  of  porous  strata.    [5.] 

0.    in  me  rocK8.^2.    Inflitration  Into  cavities.    [6,15.] 
e.    Deposit  by  springs.    [9.] 

COAL  IN  NORTHERN  MINNESOTA. 

DorinK  the  past  year  there, have  been  freqaent  reports  of  the 
discovery  of  ooal  in  the  region  north  of  Dnluth.  The  develop- 
ment of  Buch  flxtenaive  iron  mine's  and  the  great  desirability  of 
coal  deposits  that  can  be  nsed  in  connection  with  the  iron  has 
added  to  the  interest  with  which  such  reports  are  QBaally  received. 

The  opinion  of  the  state  geologist  and  the  writer  has  been 
freqaently  expressed  that  thb  only  coal  of  any  sort  in  the  northern 
part  of  the  state  is  in  thin  seams  of  brown  coal,  ooonring  in 
Cretaceoas  shales,  which  were  found  in  patches  on  the  Little  Fork 
river  by  the  writer  in  1888.  This  coal  is  not  of  good  quality  and 
iii6  discovery  of  large  amounts  in  thick  beds  would  not  be  of  such 
great  importance  as  the  newspapers  would  have  us  believe. 

At-the  same  time  lignite  is  used  to  a  considerable  extent  in 
treeless  regions  as  fuel  for  ordinary  heating  and  cooking  purposes. 
In  Texas  and  Dakota  such  coal  is  mined  in  considerable  quanti- 
ties. Grates  of  a  particular  pattern  are  devised  in  which  to  burn 
this  coal  and  it  plays  quite  an  important  part  in  the  domestic 
economy  of  those  regions.  It  is  used  in  the  form  of  briquettes 
in  Germany.  These  briqaettes  are  made  by  drying  the  brown 
coal  until  the  water  it  contains  is  nearly  all  driven  off  and  then 
subjecting  a  mass  oC  it  to  a  pressure  of  fifteen  hundred  to  two 
thoosand  atmospheres.  The  resulting  briqnette  is  elliptical  in 
ifsm,  about  six  inches  long  and  one  inch  thick.  It  is  so  hard 
that  it  will  not  absorb  moisture  even  though  laid  in  water  for  some 
time.  This  coal  is  too  fine-grained  and  not  compact  enongh  to 
nse  in  blast  fnrnaoe  practice.  If  this  brown  coal  should  be  found 
dehydrated  and  consolidated  by  heat  or  pressure  consequent  on 
eruptiona  or  excessive  faulting  in  the  rocke,  it  would  have  a  much 
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greater  valne.  It  is  not  impoaeible  that  Bndb  depoBits  may  be 
foand  in  some  of  the  large  areas  nortbweBt  ot  Dalnth  as  yet  bnt 
littie  explored  by  the  geological  snrvey.  It  is  quite  desirable  that 
Bome  Further  examination  be  made  of  this  region  in  oonneotion 
with  more  thoroagb  and  oaretul  mapping  of  the  rocks  of  the 
Meaabi  range.  The  value  of  good  coal  depoBtts  oanoot  be  over- 
estimated, and  if  we  have  sach  in  Minnesota  the  sooner  we  know 
it  the  better. 
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INTRODUCTION, 

The  proseeation  of  geological  inTeBtigstioDs  for  the  Geologioal 
Surrey  of  Canada  in  the  region  oorthweat  of  lake  Superior  af- 
forded the  writer  airnaal  opportnnitieB  of  obtaining  carsory 
glimpeea  c^  the  ooaet  of  the  great  inland  sea  iteelf,  and  on  a  few 
oecasionB  of  making  a  very  limited  reconnaiasance  of  particular 
portionB  of  it.  He  never,  however,  had  the  good  fortane  to  be 
&ble  to  examine  its  geological  features  in  detail.  Those  feataree, 
even  to  his  limited  aoqaaintance  with  them,  appeared  ever  both 
grand  and  simple,  and  seemed  to  yield  to  mere  inspection  an  expo- 
sition of  the  great  principles  of  physical  f*eology,  which  in  forue 
and  olearnesB  was  aeoond  to  none  he  had  met  with  either  in  read- 
ing or  in  traveling. 

Working  gradually  eastward,  therefore,  the  writer  had  before  , 
him  the  prospect  of  some  day  entering  npon  the  investigation  of 
that  interesting  and  rarely  paralleled  line  of  acceBsible  rock  ez- 
posnre,  the  "north  shore"  of  lake  Superior,  and  of  presenting  a 
detailed  acoonnt  of  the  relations  there  revealed  as  a  contribntioo  to 
geological  science.  The  severance  of  his  connection  with  the 
Canadian  survey  in  the  spring  of  1890  obscured  this  prospect,  but 
the  writer's  thoughts  still  turned  in  that  direction.  In  the  follow- 
ing year  after  having  settled  at  the  University  of  California,  it 
seemed  to  be  advisable,  before  engaging  in  new  investigations  on 
the  Pacific  coast,  to  revisit  lake  Superior  for  the  purpose  of  pro- 
cnring  information  relative  to  some  minor  geological  problems, 
vbich  had  been  suggested  to  the  writer  in  the  course  of  such  par- 
tial and  unsatisfactory  examinations  aa  he  had  formerly  been  able 
to  make.  Among  these  problems  was  an  inquiry  into  the  charac- 
ter of  the  ancient  shore  lines  of  the  lake.  Stimulated  by  the  in- 
teresting reealts  obtained  by  Upbam  and  Tyrrell  in  the  lake 
AgBBsiz  basin  to  the  west  and  by  Gilbert  and  Spencer  in  the  lake 
Ontario  (Iroquois)  region  to  the  east  as  to  the  deformation  of  an< 
cient  shore  lines,  the  writer  had  been  particularly  attracted  by  the 
endeoceof  former  high  elevations  of  the  lake;  and  had  made 
Bome  effort  to  gain  definite  information  as  to  the  distribution  of 
terraces  and  beaches,  and  as  to  the  probability  of  a  detailed  in. 
qniry  yielding  sufficient  data  for  purposes  of  generalization.       CoOqIc 
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The  intereat  and  importance  of  aach  an  inquiry  lies,  of  oonne, 
in  the  evidence  which  it  affords  of  local  iuBtability  of  the  cnwt  of 
the  earth.  On  oceanic  coast  liaea  evidences  of  recent  difEereotial 
movements  of  the  cmst  are  ordinarily  not  difficalt  to  observe, 
Sacb  movements  are  not  confined  to  the  vicinity  of  these  coasts  bnt 
are  probably  common  in  the  interior  as  well  as  on  their  periphery. 
But  the  eviden<!e  which  makes  this  statement  possible  has  until  re- 
cent years  been  very  meagre,  and  indeed,  scarcely  sofficient  to 
satisfy  the  demands  of  exact  kuowledKe.  In  the  interior  of  the 
continents  there  is  no  absolnte  datum  snch  as  is  offered  by  the 
snrface  of  the  ocean  to  which  may  be  conveniently  referred  the 
altitudes  of  the  land.  There  is  not  a  set  of  agencies,  such  as  the 
shore  action  of  the  sea,  to  score  on  the  slopes  a  definite  horizon 
that  may  be  readily  recognized  as  out  of  place  when  lifted  beyond 
the  reach  of  those  agencies.  The  allied  action  of  lake  shores  pro- 
duces similar  horizontal  impressions,  but  the  lake  may  go  npor 
down  with  the  portion  of  the  continent  in  which  it  lies  and  other- 
wise share  its  movements,  so  that  when  snch  horizontal  shore  lines 
are  seen  high  above  the  waters  of  a  lake  they  are  usually  left  there 
by  the  mere  subsidence  of  the  level  of  the  lake.  Thus  there  is  no 
means  of  measuring  the  absolute  vertical  movement  of  any  portion 
of  the  interior  of  a  continent,  except  by  the  laborious  snd  costly 
method  of  carrying  lines  of  levels  to  the  sea  shore.  But  for  the 
more  immediate  purposes  of  geological  science  the  absolute 
measure  of  such  movements  is  not  needed.  The  science  will  be 
enriched  iu  proportion  as  means  are  discovered  recognizing  the 
fact  of  recent  differential  vertical  movements  of  the  crust  in  re- 
gions remote  from  the  sea  and  of  affording  some  approximate 
measure  of  their  extent  without  reference  to  any  absolnte  datum. 
Such  a  means  has  been  supplied  by  the  modern  study  of  the  de- 
velopment of  topographic  forms,  a  study  that,  thanks  to  the  mas- 
terly lines  that  have  been  laid  down  by  Gilbert,  Davis,  McCree, 
Chamberlin  and  other  leaders  of  the  present  time,  bids  fair  to 
become  one  of  the  most  important  fields  of  research  to  engage  the 
attention  of  the  coming  generation  of  American  geologists. 

As  one  result  of  such  topographic  studies  it  appears  that  in  in- 
terior regions  we  may  have  good  evidence  both  of  the  fact' and  of 
the  measure  of  diSereutiul  movements  of  the  crust  in  (1),  the 
character  of  stream  erosion  and  depositioD,  and  (2),  the  deforma- 
tion of  the  abaudoned  shore  lines  of  lakes.  It  is  now  generally 
recognized  that  streams  are  extremely  sensitive  to  any  change  in 
the  slope  of  their  trenches  or  of  any  portions  of  them.  There  is  a 
uniform  minimum  slope  which  they  constantly  seek  to  establish 
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snd  maintain.  Any  tnoTdtnent  of  the  land  leaves  ita  record  id  a 
cfaaoge  in  the  intensity  of  the  action  of  the  stream,  whether  it  be 
catting  or  depositing;  and  in  non-glaoiated  reKions  streams  are  now 
B^tematioally  inspected  by  geologists  for  the  purpose  of  aaoertain- 
ing  whether  the  country  traversed  by  them  has  been  uplifted  or 
depressed,  Qr  has  maintained  a  fairly  constant  altitnde.  Evidence 
d  this  kind  is,  however,  not  always  available. 

The  pecnliar  top(^aphy  of  certain  regions  is  dne  to  the  fact  of 
their  having  been  occupied  in  comparatively  recent  times  by  lakes 
which  have  now  wholly  or  partially  disappeared.  One  of  the  charac- 
teristic features  ofsach  a  topography  is  the  presence  of  ancient  shores 
of  the  lake  at  various  altitudes  on  the  slopes  of  the  basin,  marking 
BS  many  stages  of  the  water.  These  strand  lines  are  often  trace- 
able as  contours  for  hundreds  of  miles,  and  in  some  cases,  as  for 
example  on  lake  Bonneville,  the  highest  of  such  strand  lines  is  a 
sharp  demarkation  between  two  classes  of  topography,  the  one  that 
of  the  once  submerged  basin  and  the  other  that  of  the  hills  above 
the  highest  level  of  the  lake.  Tbeee  strand  lines  were  once  of 
course  horizontal.  At  the  present  day  they  are  frequently  found 
to  vary  from  horizontality  in  a  marked  (degree,  and  in  this  case  they 
are  said  to  have  suffered  deformation.  This  deformation  affords 
ns  at  once  a  proof  and  an  approximate  measure  of  the  local  differ- 
entd  movements  of  the  cmst.  Among  the  most  remarkable  in- 
stances of  such  deformation  of  ancient  shores  are  the  cases  of  lakes 
Agassiz  and  Iroquois;  the  former  a  glacial  or  post-glacial  extension 
of  lake  Winnepeg,  and  the  latter  a  corresponding  extension  of  lakes 
Ontario,  Erie  and  Huron. 

The  ancient  shore  lines  of  lake  Agassiz  have  been  traced  by 
Upham  and  Tyrrell  on  the  front  of  the  Pembina  escarpment  in 
practical  continuity  for  many  handrede  of  miles  on  the  open 
prairie,  and  are  found  to  ascend  to  the  northward  at  the  rate  of  from 
Biz  to  sixteen  inches  to  the  mile. 

The  measurements  of  Gilbert  and  Spencer  on  the  ancient  strand 
lines  of  lake  Iroquois  show  that  they  slope  in  a  similar  fashion. 
Thns  there  is  very  explicit  evidence  of  the  differential  movement 
of  the  land  surface  of  \orth  America  in  two  extensive  regions  ly- 
ing on  either  side  of  the  lake  Superior  basin.  In  view  of  this' fact 
it  becomes  a  matter  of  very  considerable  interest  to  ascertain  what 
evidences  the  ancient  strand  lines  of  lake  Superior  afford  of  dif- 
ferenbd  crnatal  movements.  This  was  the  motive  of  the  present 
inquiry.  The  fact  of  the  former  high  elevation  of  lake  Superior 
has  long  been  known,  though  not  to  the  extent  to  which  the  writer 
is  now  able  to  estabUsh. 
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Logan  in  his  report  of  the  geological  Burvey  of  Casada,  1847,  re- 
cords the  oooarrenoe  of  terraces  below  the  Fetits  Eorita  (Terraoe 
bay)  rising  to  an  elevation  of  331  feet  above  the  lake.  Terraces 
rising  to  nearly  100  feet  on  the  soath  side  of  the  lake  were  de- 
scribed and  their  signifioanoe  appreciated  in  Foster  and  Whitney's 
"Heport  on  the  Geology  and  Topography  of  a  portion  of  the  Lake 
Superior  Land  District,"  Part  I,  ]850,and  Agassiz  in  his  "Lake  Su- 
perior," 1850,  discusses  the  terraces  observed  by  him  in  his  trip 
around  the  "north  shore"  and  citea  Logan's  measarements. 

Bat  while  the  former  high  eleration  of  the  lake  was  known,  no 
effort  whatever  had  been  qiade  to  trace  the  strands  around  the  coast 
and  no  suggestion  had  been  offered  ae  to  whether  they  maintained 
their  original  horizontality  or  had  been  thrown  into  inclined  atti- 
tudes. There  was  thus  a  serious  gap  in  our  knowledge  which,  it  is 
hoped,  will  be  in  some  mettsure  filled  by  the  information  oonttuned 
JD  this  paper. 

At  the  outset  of  the  inquiry  it  was  proposed  simply  to  seonre 
accurate  data  as  to  the  altitude  o£  the  various  strand  lines  at  as 
many  points  as  possible  and  to  gather  evidence  which  would  help 
to  t»ce  particular  strands  around  the  coast.  Ae  soon  ae  the  work 
was  began,  however,  a  oompsrison  was  naturally  instituted  between 
the  characters  of  the  present  strand  and  those  of  the  ancient  and 
abandoned  strands,  the  altitudes  of  which  were  sought. 

This  led  to  a  consideration  of  the  topography,  not  only  of  the 
immediate  shore  line,  but  also  of  the  general  coast  of  the  north  side 
of  the  laka  It  was  found  that  the  coast  presented  very  striking 
contrasts  of  topographical  character  which  were  due  to  marked 
differences  in  the  petrographical  and  structural  geology  of  its  dif- 
ferent portions.  Thns,  In  the  course  of  the  search  for  elevated 
beaches  and  terraces,  sufficient  information  was  gained  to  serve  for 
a  general  sketch  of  the  topography  of  the  north  coast  of  the  lake 
from  Dnlnth  to  Sault  Ste.  Marie.  The  ancient  strands  of  the  lake 
are  now  simply  topographic  features  which  are,  for  the  most  part, 
displayed  along  the  coast  at  no  great  distance  from  the  shore.  It 
seemed  beat,  therefore,  to  include  the  diaeossion  of  these  special 
features  in  a  more  general  discussion  of  the  topography  of  the 
coast  This  discussion  does  not  pretend  to  be  in  any  sense  ex- 
haustive. It  is  a  mere  eketch  which  would  be  onwarranted  were 
there  any  satisfactory  aooount  of  the  topography  of  the  north  side 
of  lake  Superior  to  be  found  in  geological  literature.  £ven  as  a 
sketch  this  description  of  the  general  topc^aphy  of  the  ooast  snf- 
.fers  from  the  haste  in  which  the  work  was  done,  the  entire  trip 
from  Dulath  to  Sault  Ste,  Marie  occupying  only  two  months;  and 
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ftlBo  from  the  fact  that  the  writer  had  no  special  qaalifieations  for 
the  work  other  than  his  general  familiarity  with  the  geolt^y  of  a 
portion  of  the  region.  It  is  hoped,  however,  that  the  exact  data 
which  have  been  obtained  regarding  aa  many  of  the  ancient  strands 
of  the  lake  aa  oonld  be  seen  from  off  its  present  shore  will  com-  . 
pensate  for  what  may  be  lackii^  in  the  general  account  of  the 
ooast;  and  that  what  ie  here  set  forth  may  be  an  incentive  to  others 
to  make  more  detailed  and  therefore  more  valuable  examinations 
of  its  varions  parts. 

GEOLOGICAL  PBOVINOES  FKONTING  ON  LAKE 
SUPEBIOR. 

There  ie  s  very  evident  relationBhip  between  the  general  topo- 
grai^y  c^  the  north  side  of  lake  Superior  and  the  geological  con- 
ditions whioh  obtain  in  different  portions  of  its  extent .  Between 
Dnluth  and  Sault  Ste.  Marie  there  are  four  great  geolt^ical  prov- 
inces fronting  on  the  lake.  These  are  the  Keweenian,  the  Animi- 
kie,  the  Arohssan  and  the  Potsdam. 

The  Keweenian  occupies  the  entire  Minnesota  coast  from  Da- 
Inth  to  Grand  Portage .  Beyond  this  point  the  various  formations 
of  the  Keweenian  are  probably  geologically  oontinnous  around  the 
whole  of  the  north  shore,  but  the  oot-crop  of  the  rooks  is  mostly 
confined  to  the  islande  which  fringe  the  coast  and  to  the  peninsu- 
las terminating 'd  Thnnder  cape  and  Magnet  point,  which  are  here 
regarded  as  part  of  the  island  fringe  rather  than  of  the  main  land . 
A  few  outlying  patches  are  also  found  at  different  pointe  on  the 
main  shore,  but  these  are  qnite  limited  in  extent  except  in  the 
vicinity  of  Nipigpn,  where  a  neck  of  these  formationa  connects  the 
lake  Superior  Keweenian  basin  with  the  extensive  interior  Kewee- 
nian basin  of  lake  Nipigon . 

The  Animikie  rocks  occupy  the  main  shore  of  the  lake  uninter- 
mptedly  from  Grand  Portage  to  Port  Arthur  and  alec  the  chain  of 
islands  which  stretches  from  Pigeon  point  to  Thunder  cape.  From 
Port  Arthur  onward  to  the  meridian  of  the  Slate  islands  the  Ani-  . 
mitie  finraationB  are  geologically  continuous,  but  are  much  inter- 
rupted along  the  shore  by  projecting  areas  of  the  underlying  Ar- 
^nan,  and,  on  the  pemnsnlas  between  Thander  bay  and  Nipigon 
bay,  by  overlying  sheets  of  the  Keweenian. 

The  Archnan  shares  the  coast  line  with  the  Animikie  and  Ke- 
veenian  from  &e  vicinity  of  Fort  Arthur  to  the  eastern  end  of 
Kipigon  bay .  Beyond  Nipigon  bay  as  for  as  the  outlet  of  the  lake 
the  coast  yields  to  the  rugged  dominion  of  the  Archsean;  the  only 
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exceptions  heiag  the  Keweenian  ontliere  of  OargEUitua  and  Ma- 
mainee  and  the  fiat-lying  patches  of  Fotedam  in  the  vicinity  of 
Qoolai's  bay  and  Saolt  8te.  Marie. 

These  Potsdam  formations  constitute  the  fourth  geological  pro- 
TiDce;  and,  although  its  extent  on  the  lake  shore  is  very  limited, 
the  rocks  oomposing  it  have  an  extensive  distribntion  as  is  ahovn 
by  their  presence  on  several  of  the  larger  islands  off  this  part  of 
the  ooaet,  and  much  of  the  character  of  the  sontheaaterly  part  of 
the  lake  is  doe  to  their,  presence.  The  Potsdam  sandstones  are 
also  of  peculiar  interest,  inasmuch  as  they  form  the  dam  in  the  St. 
Mary's  river  which  holds  the  waters  of  the  lake  at  their  present 
level; — a  dam  which  has  evidently  only  recently  been  rendered 
functional  by  the  lowering  of  the  waters  of  lake  Huron  below  the 
level  once  ocoapied  in  common  by  that  lake  and  lake  Superior. 

Corresponding  to  each  of  these  great  geological  provinces,  there 
is  a  distinct  type  of  coastal  topography.  And  here  it  may  be  well 
to  draw  a  distinction  between  those  elements  of  the  topography, 
which  from  Gilbert's  classic  work  have  come  to  be  regarded  as  the 
"topographic  features  of  lake  shores"  and  what  may  more  compre- 
hensively be  designated  the  coastal  topography .  On  any  rocky 
coast  line  of  a  lake  there  may  be  developed  certain  topographic 
elements,  the  perfection  of  form  of  which  may  be  evolved  practi- 
cally independently  of  the  varying  character  of  the  geological  con- 
ditions of  the  coast.  Of  these  topographic  elements  we  have 
beaches,  bars,  spits,  terraces,  sea-cliffs,  caves,  pot  holes,  etc.  These 
are  the  direct  product  of  wave  action  along  the  shore  and  may  be 
common  to  all  lakes.  They  will  therefore  be  referred  to  briefly  as 
the  "shore  features."  The  term  "coastal  topography"  embraces 
these  and  also  those  features  which,  though  not  necessarily  devel- 
oped by  shore  action,  are  well  displayed  along  the  coast  line  and 
are  of  a  local  character  and  peculiar  to  any  given  lake  or  to  several 
lakes  existing  under  similar  geological  and  physiographic  condi- 
tions. 

Just  what  should  be  comprised  under  the  designation  "coast"  is 
somewhat  difficult  of  definition.  That  there  is,  however,  a  definite 
belt  of  the  land  extending  back  from  the  shore  to  a  varying  extent, 
which  is  commonly  recognized  as  the  coast,  goes  without  saying. 
The  area  rea^nized  by  the  U.  8.  coast  and  geodetic  survey  as 
the  "coast"  appears  to  be  that  portion  of  the  land  visible  from  a 
ship  sailing  within  easy  distance  of  the  shore.  It  may  ako  be  gen- 
erally described  as  the  more  or  lees  rudely  beveled  edge  of  a  con- 
tinental tract  where  it  breaks  away  in  altitude  to  form  the  mai^n 
of  a  topographic  basin  occupied  by  wat«r. 
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The  coastal  topograph;,  then,  of  lake  Superior,  ae  thus  nnder- 
Btood,  is  determined  in  each  geological  province  by  the  conditions  ' 
peculiar  to  that  province.  Even  the  common  "shore  featares," 
snch  as  beaches  and  wave  built  terraces,  although  found  in  equal 
perfection  of  form  in  different  provinces,  bre  clearly  affected  by  the 
geological  conditions,  and  their  development  is  not  always  simply 
a  question  of  a  given  amount  of  wind  and  water  and  time.  The 
material  of  which  they  are  constructed  is,  for  example,  largely 
eitra-lacnetrine  in  its  derivation.  The  waves  supply  themselves 
often  with  but  a  subordinate  proportion  of  the  materials  which  they 
employ  in  the  construction  of  topographic  forms,  particularly  along 
the  front  of  the  Archsean  province.  The  great  bulk  of  the  material 
IB  brought  down  by  stream  action  and  sub-aerial  agencies.  The 
abundance  of  this  material  and,  therefore,  the  numl>er  end  aggre- 
gate extent  of  beaches,  bars,  spite  and  terraces,  varies  directly  with 
the  character  of  the  rocks  and  with  the  presence  or  absence  of 
morainic  accumnlatiouB. 

The  depth  of  water  and  the  angle  of  the  sub-aqueoufl  slope  also 
are  conditions  which  materially  affect  the  development  of  such 
structures,  and  both  of  these  conditions  vary  with  the  geological 
character  of  the  shore.  It  will  thus  be  found  that  the  "dhore  feat- 
ores"  proper  vary  as  to  their  abundance  and  extent  according  to 
the  readiness  with  which  the  rocks  of  any  given  province  yield  the 
materials  for  construction,  and  according  as  the  sub-aqueooe  slope 
ia  favorable  or  the  reverse.  Other  conditions  are  the  character  of 
the  streams  entering  the  lake  and  the  time  during  which  the  lake 
has  remained  at  the  same  level.  The  latter  is,  however,  a  condi- 
tion which  is  a  constant  quantity  for  all  parts  of  the  shore  of  the 
lake.  But  theee  "shore  features"  proper  are  but  small  and  subor- 
dinate elements  of  the  sum  total  of  the  coastal  topography  of  the 
DorUi  shore  of  lake  Superior. 

A  very  important  feature  of  the  topography,  and  one  strictly  de- 
pendent upon  the  character  of  the  rocks,  is  the  shore  contour  or  the 
line  of  intersection  of  the  coastal  slope  and  the  surface  of  the 
vater.  This  embraces  both  the  general  form  of  the  lake  or  the 
trend  of  its  shores,  and  the  sinuosities  and  indentations  subordi- 
nate to  that  general  trend.  The  general  trend  of  the  north  shore 
o{  lake  Superior,  although  a  dominant  element  of  the  topography, 
bas  practically  no  relation  to  littoral  forces;  and  eveo  the  detailed 
forms  and  minor  sinuosities  of  the  contour  are  ascribable  on  these 
rocky  coasts  only  in  part  to  differential  erosion,  a  major  portion 
representing  simply  a  horizontal  section  through  pre-existing 
fonns. 
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Another  EeatiLre  of  Boaroely  Ibbb  prominenoe  on  the  coast  is  that 
which  beoomes  apparent  in  longitndinal  profiles  along  the  mean 
local  trend  of  the  shora  Such  profiles  indicate  the  bight  and  bold- 
ness of  the  promoatories,  headlands  and  minor  projections  of  the 
coast  The  breadth  of  such  features  is  also  shown,  bat  this  dimen- 
sion is  better  read  off  from  the  shore  contour  where  the  variation 
is  apparent.  The  character  of  the  profile  may,  like  the  details  of 
the  shore  contour,  be  due  either  to  differential  shore  erosion  or  to 
the  submergence  of  pre-lacustrine  forms.  On  lake  Superior  these 
profiles  are  for  the  most  part  vertical  sections  of  partially  sub- 
merged forms  which  antedate  the  lake,  and  their  aspect  is  peculiar 
to  each  of  the  geological  provinces.' 

Still  another  feature  of  the  coastal  topography,  and  the  most 
important  for  the  purposes  of  an  inquiry  into  ancient  shore  lines, 
is  that  which  is  best  represented  by  series  of  profiles  transverse  to 
the  shore.  It  is  that  element  of  the  topography  which  is  depend- 
ent upon  the  hight  of  the  land  in  the  vicinity  of  the  shore  con- 
tours and  upon  the  shoreward  slope,  which  slope  may  be  modified 
by  the  presence  of  shore  features  developed  at  levels  of  the  lake 
now  abandoned.  For  very  considerable  stretches  of  the  coast, 
however,  these  modifying  features  are  absent,  the  bald  rocky  slopes 
having  retained  no  impression  of  former  occupation  by  the  waters 
of  the  lake;  and  in  this  case  the  transverse  profile  is  practically 
independent  of  littoral  action.  In  order  to  make  clear  to  what 
extent  these  various  elements  of  the  coastal  topography  are  depen- 
dent npon  the  conditions  peculiar  to  each  geological  province,  it 
will  be  necessary  to  review  briefly  the  structure  of  the  entire 
coast. 

GEOLOGICAL     AND    PHYSIOGRAPHIC     CONDITIONS 
PECULIAR  TO  EACH  PROVINCE. 

The  Keweenian  from  Dnluth  to  Grand  Portage  coDsists  essen- 
tially of  a  well  stratified  series  of  volcanic  fijws,  having  a  gentle, 
but  very  constant,  lakeward  dip,  which  does  not  exceed  as  a  general 
'  rule  ten  degrees.  The  sedimentary  formations  are  represented 
also  in  the  series,  but  only  to  a  very  limited  extent,  and  occupy 
less  than  one-half  per  cent  of  the  coast  .line  between  the  points 
above  mentioned. 

The  pre-£eweenian  surface  upon  which  the  series  rests  is 
exposed  at  a  number  of  points  on  the  shore,  but  its  exposure  at 
any  one  place  is  comparatively  small.  The  rocks  of  which  it  is 
composed    are    massive,    coarse-grained,  granular   af^tregates  of 
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Jabradorite  *&ad  are  eimilftr  to  rocks  which  are  well  known  in  the 
ArcbEsan.  They  are  doabtluBB  Archeean  inliera  within  the  Kewee- 
Disn  province,  and  they  exhibit  all  the  evidences  of  profonnd 
aroeiou  and  roonding  which  the  Archtean  Bhows  at  other  points  on 
lake  Snperior  where  overlapped  by  the  Keweenian. 

Since  the  time  of  their  outflow  over  this  surface  of  presamably 
Archffion  rooks,  the  Keweenian  strata  have  not  suffered  any  dis- 
turbance sufficient  to  fold  or  even  to  tilt  them  to  any  noteworthy 
extent  The  prevaling  lakeward  dip  at  low  angles  is  probaUy 
paxtly  dae  to  the  altitude  of  the  slope  over  which  the  lavas  flowed, 
rather  than  entirely  to  a  differential  movement  of  onee  horizontal 
strata. 

But,  while  the  Keweenicui  formations  have  remained  almost 
exempt  from  disturbances  of  this  kind,  they  have  been  profoandly 
affected  in  another  way,  and  the  geological  structure  is  more  com- 
plex than  might  be  interred  from  the  simple  statement  of  the' 
composition  of  the  series  as  above  given. 

The  series  has  been  invaded  by  very  many  later  intrusive  masses, 
which  appear  along  the  line  of  the  present  coast  either  as  dykes, 
or.  more  oommonly,  as  injected  sills';  while  there  are  also  not  a  few 
masses  of  igoeous  rocks  which,  considering  the  very  limited 
atady  that  has  been  given  to  the  geology  of  the  coast,  it  would  be 
rash  to  place  definitely  either  with  the  regular  bedded  oonetituents 
of  the  series  or  with  the  later  masees  which  cut  it,  although  they 
doubtless  belong  to  one  o^  the  other  of  these  categories.  The  dykes 
Dsoally  do  not  vary  much  from  the  vertical,  and  the  intrusive  sills 
coincide  with  the  planes  of  stratification  of  the  bedded  flows. 

Very  large  portions  of  the  rocks  of  the  Keweenian  series  are 
veeicolar  or  amygdaloidal  in  character,  and  many,  particularly  those 
of  an  acid  composition  in  which  the  vesicular  structure  is  not  as 
well  developed  as  in  the  more  basic  flows,  are  traversed  by  irregu- 
lar joints  to  BO  remarkable  a  degree  that  it  is  scarcely  possible  to 
secure  the  smallest  hand  specimen  the  form  of  which  is  not  con- 
ditioned by  j'oint  planeB. 

There  appears  to  be  no  great  contrast  in  hardness  or  in  power 
of  resisting  disintegration  between  the  Keweenian  strata  and  the 
iotnisive  masses  which  cut  them.  The  basic  intrusives  afford  evi- 
dence, however,  of  being  more  decomposable  and  the  acid  masses 

>rbeM  RickB,  here  styleil  Arohrean.  are  In  the  horizon  of  the  gabbro  and  Its  aMSOi-l- 
ited  cmtatlines.  Included  b)- the  WiBConsiD  and  HlnneEota  geotoRlats  In  the  baseof 
the  Keweenlfto:  although,  by  the  Canadian  geoIOKlste,  gunurally  considered" La u re U' 
lUn."  gee  A,  A.  A.  Bol.,  Boatoti,  IttSO,  p.  *25,  and  ninth  Ann.  Kcp.,  Gei.l.  and  Nal. 
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of  being  leee  eo,  th&D  the  bedded  rocks.  Fsalts  which  c&n  be 
clearly  recognized  as  each  are  not  prominent,  although  certain 
blockfl  of  strata  with  preoipitoas  fronts  and  gently  sloping  backs, 
which  are  observable  some  milee  inland  in  the  vicinity  of  Poplar 
river,  suggest  the  presence  of  fanlta  with  oragraphic  tilting.  It  is 
not  improbable,  moreover,  that  the  entire  Minnesota  shore  with 
its  persistent  line  of  cliffs  follows  tbe  lineof  afanlt  scarp.  The  in- 
trusive sills  OBoally  appear  at  an  altitude  which  is  aboat  the  pres- 
ent level  of  the  lake  or  but  slightly  above  it. 

'  To  these  broad  geological  features  there  remains  to  be  added 
a  statement  of  three  important  physiographic  facts  in  order  to 
have  before  us  the  salient  conditions  which  have  controlled  the  de- 
velopment of  the  pecoliar  topography  of  the  Minnesota  coast 
The  first  of  these  is  that,  if  we  except  the  drainage  of  the  St. 
Louis  river,  the  hydrographic  area  of  Minnesota  which  is  triba- 
tary  to  lake  Superior  is  a  comparatively  narrow  strip  parallel  to 
the  shore  of  the  lake,  the  water  shed  being  a  high  ridge  not  many 
miles  inland.  As  a  consequence  of  this  the  streams  Sowing  into 
the  lake,  although  all  rapid,  and  though  actively  deepening 
their  trenches,  are  insignificant  in  size  and  bring  but  a  small 
amount  of  material  to  the  shore.  The  second  physiographic  con- 
dition alluded  to  is  the  rapid  deepening  of  tbe  water  off  the 
Minnesota  coast 

Tbe  third  condition  is  the  exposure  of  the  shore  to  the  open  ex- 
panse of  the  lake  without  the  protectioa  of  any  material  break- 
waters. 

The  Animikie  rocks  are  geologically  older  than  the  Keweenian 
and  nnderlie  them.  The  emergence  of  the  Animikie  from  beneath 
the  Keweenian  may  be  easily  observed  in  the  vicinity  of  Grand 
Portage  as  has  been  well  described  by  Irving.  The  lower  series 
presents  several  striking  contrasts  with  the  higher,  the  most  im- 
portant of  which  is  due  to  the  diverse  character  of  the  rocks. 
While  the  Keweenian  is  made  up  almost  entirely  of  volcanic  flows, 
the  Animikie  is  composed  altogether  of  sedimentary  strata  with  no 
trace  of  contomporaneoas  volcanic  formations.  The  series  con- 
sists essentially  of  uniformily  fine  grained  gray  sandstones  which 
locally  are  quartzytes,  black  more  or  less  carbonaceous  shales  or 
slates,  certain  cherts  and  jaspers,  beds  of  carbonate  of  iron,  hema- 
tite and  magnetite,  a  very  sparing  proportion  of  conglomerate,  and 
occasional  lenses  of  non-ferruginous  carbonate  in  tbe  slates. 
These  rocks  occur  in  strata  which,  except  in  local  instances,  as 
in  the  town  of  Port  Arthur  and  near  Ounflint  lake,  have  been  dis 
tnrbed  very  little  from  the  horizontal,  the  average  dip  of  the  strata 
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being  in  a  Bootbeasterly  direction  at  angles  probably  not  exceeding 
five  degrees;  and  they  are  frequently  qaite  flat  or  very  gently  un- 
dotating.  The  rocks  of  the  entire  series,  with  the  exception  of 
certain  of  the  cherts,  the  carbonates  and  the  hematites  and  magne- 
tites, whioh  tt^^ther  form  bat  a  small  proportion  of  the  total 
Tolame,  are  characterized  by  a  strongly  pronounced  shaly  or  slaty 
etractore,  the  cleaTa$!:e  of  whioh  is  parallel  to  the  planes  of  bed- 
ding. This  fissile  character  of  the  rocks  renders  them  liable  to 
rapid  erosion.  Were  they  not  protected  in  a  pecaliar  way  little  of 
them  woold  have  remained  to  the  present  time,  and  instead  of 
forming  parts  of  the  highest  and  boldest  cliffs  on  the  lake  they 
wonld  long  ago  have  been  planed  down  to  flat  shelving  forms, 
few  of  which  wonld  remain  above  the  surface  of  the  wateK  The 
protection  which  has  so  effectually,  nver  large  areas,  enabled  these 
rocks  to  withstand  the  active  disinteRration  to  which  they  are 
subjected,  is  afforded  by  the  later  intrusive  ma«se3  whioh  have  in> 
Taded  the  series.  These  intrusive  rocks  are  all  basic  in  composi- 
tion and  are  of  the  character  of  diabases  and  gabbros.  They  ap- 
pear in  the  series  in  two  distinct  ways:  (I)  as  intrusive  sills  or 
sheets  lying  horizontal  or  parallel  to  the  stratification  and  re- 
sembling contemporaneous  beds,  for  which  they  have  by  earlier 
observers  been  mistaken;  (2)  as  vertical  dykes.  Some  of  the 
dykes  have  been  observed  in  continuity  with  the  sills  and  evidently 
[epresent  the  canals  by  which  the  material  for  the  sills  came  up 
from  deep  sources.  The  most  of  them,  however,  are  of  later 
origin  than  the  sills  and  intersect  the  latter. 

The  dykea  have  two  chief  trends,  viz;  N.  E.  and  S.  W.for  the 
larger  and  more  important,  and  about  K.  W.  and  S.  E.  for  the 
smaller  and  less  namerons  dykes. 

The  dykes  are  very  abundant  in  the  vicinity  of  Pigeon  river,  and 
for  some  few  miles  northeast  along  the  Canadian  coast  and  on  the 
islands  as  far  as  Pie  island,  constituting  the  dominent  stractnrat 
feature.  From  McRellar's  point  on  to  McKay's  Mt.,  however, 
the  dykes  are  not  so  prevalent  and  the  horizontal  sills  have  been 
the  controlling  factor  in  the  development  of  the  topography. 
These  sills  have  very  commonly  a  thickness  of  about  100  feet  and 
in  places  reach  j^  feet.  Their  altitude  in  the  vertical  column  of 
strata  varies  from  a  position  at  the  water's  edge  to  elevations  of 
over  1,000  feet,  and  ordinarily  their  position  is  several  hundred 
feet  above  the  lake. 

Both  dykes  and  sills  have  usually  a  distinct  columnar  structure, 
the  oolomns  in  the  former  case  being  horizontal  and  in  the  latter 
verticsl.    This  structure,  of  course,  facilitates  disintegration,  but 
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these  iatriiaiTe  rocks,  notwitbatanding  thiB  featore,  are  either  in 
the  torm  of  sille  or  of  dykes,  promineatly  harder  end  more  doiKble 
than  the  shaly  strata  which  they  penetrate. 

Faulting  is  much  more  clearly  recognizable  in  the  Animikie 
proTince  than  in  the  Keweenian  and  is  a  common  occurrence, 
many  scarps  being  due  primarily  to  this  cause. 

In  this  physiography  the  front  of  the  Animikie  province  be- 
tween Grand  Portage  and  Thander  bay  presents  as  interesting  con- 
trasts as  does  the  geological  structure.  There  are  two  consider- 
able streams  flowing  into  the  lake  over  these  rooks,  viz:  the  Pigeon 
and  the  Kaministiqnia,  besides  some  minor  brooks.  The  Pigeon 
contributes  very  little  to  the  shore  drift  since  its  sediment  is 
largely  intercepted  by  lakes.  The  Kaminiatiquia  has  on  the  other 
hand  brought  down  much  sediment  which  has  served  for  the  oon- 
straction  of  very  important  features.  The  divide  is  much  farther 
removed  from  the  take  than  in  Minnesota.  The  water  off  shore  is 
also  much  shallower  as  a  role  than  on  the  Minnesota  coast  and 
there  is  frequently  a  shelving  bottom.  Added  to  this  shoal  water 
condition  is  the  presence  of  a  chain  of  islands,  which  form  a  very 
effectual  breakwater  and  protect  the  shore  from  the  violent  action 
of  the  open  lake. 

The  Archsaan  forms  the  basement  npon  which  the  Animikie 
rests  in  glaring  unconformity.  The  actual  superposition  of  the 
Animikie  upon  the  well  eroded  Archsean  surface  may  be  observed 
at  several  points,  with  the  Keweenian  lying  flat  on  the  former. 
Very  frequently,  however,  the  Animikie  is  absent  and  the  Ke- 
weenian  is  imposed  directly  upon  the  ArchEean.  But,  whether  the 
Archeoan  emerges  from  beneath  the  Animikie  or  the  Keweeoian, 
the  contrast  which  its  rocks  present  to  the  formations  of  either  of 
the  latter  aeries  is  equally  protonnii.  The  petrographical  char- 
acter and  general  structure  of  the  Archaean  is  so  different  from 
that  presented  by  the  newer  rocks  which  rest  upon  it,  that  com' 
parisons  on  parallel  lines  of  observation  are  difficult  to  make. 
Antitheses  of  conditions  meet  one  at  every  point  of  view,  and  the 
topographic  formB  evolved  under  these  conditions,  save  those  dae 
solely  to  wave  action,  present  correspondingly  marked  contrasts. 

The  Archtean  complex  of  this  coast  is  readily  resolvable  into 
two  broad  divisions:  (1),  a  great  volume  of  profoundly  altered 
sedimentary  and  volcanic  rocks,  characteristically  schistose  or  in 
the  form  of  massive  greenstones,  which  have  suffered  intense 
disturbance  and  which  correspond  to  what  has  been  designated  the 
Ontarian  system*,  and  (2),  immense  batholites  of  irrnptive  gneiss 
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sod  graoite,  which  have  invaded  the  rocks  of  the  Ontarian  system 
from  below  id  tlJe  most  irregalar  fashion,  oorrespoQdiQg  to  that 
divisioD  of  the  Archseao  which  is  commonly  recognized  as 
LaoreDtiBD.  These  LanTeDtian  rocks  exhibit  only  to  a  very  anbor- 
dinate  extent  those  evidences  of  distorbancea  and  deformation 
vbich  are  so  abundantly  apparent  in  the  schists  which  they  have 
invaded.  The  Laurentian  goeisees  and  granites  occupy  mnch  more 
of  the  shore  than  do  the  metamorphio  and  schistose  rocks  of  the 
Ontarian  ;  and  each  of  these  divisions  of  the  Axchfeao  province 
has  its  own  peooliar  phasea  of  a  topography  of  a  general  type. 
The  entire  surface  of  this  province  presents  a  remarkably  ham- 
mocky  or  mammilated  aspect  due  to  pre-Paleozoic  erosion*  modi- 
fied by  the  glacial  action  of  the  Pleistocene.!  The  rocks  are  freah 
and  free  from  the  mantle  of  rotten  rock  arising  from  secular 
decay  which  covers  similar  crystalline  rocks  in  some  regions. 
The  granites,  and  gneisses,  being  in  this  fresh  condition  at  their 
snrface,  practically  homogeneous,  remarkably  free  from  divi- 
Bional  planes  dne  to  pressure  and  movement,  and  having  pre- 
lacQstriue  hammocky  or  roanded  forme  which  are  least  affected 
by  eroeive  t^enoies,  condition  a  topography  which  to  a  very  large 
extent  is  independent  of  shore  action.  Where  cttt  terraces  are 
present  on  the  coastal  slopes  of  these  rooks  they  have  usually  been 
carved  out  of  morainio  material  or  notched  in  the  face  of  embank- 
ments formed  early  in  the  history  of  the  lake.  These  embank- 
ments are  rarely  sufficiently  continuous  to  obscure  the  broad 
aspects  of  the  rocky  slope.  The  schistose  and  greenstone  rocks  of 
thu  Ontarian  traverse  the  region  in  curvilinear  belts  or  zones, 
aeparating  neighboring  Laurentian  batholites.  These  belts  some- 
times emerge  on  the  coast  in  the  form  of  great  ridges,  the  ex- 
tremities of  which  form  promontories.  They  condition  a  much 
more  jagged  and  linea!r  aspect  of  topography ;  and  along  the 
present  shore,  at  least,  the  rocks  of  which  they  are  composed 
yield  to  the  cutting  action  of  the  waves  much  more  readily  than 
do  the  granites  and  gneisses.  Sometimes  the  trend  of  the  coast 
coincides  with  the  strike  of  these  belts  for  a  distance,  when  pre- 
ciptions  cliffs  face  the  lake,  which,  however,  are  not  necessarily 
sea-cliffs.  The  essentially  ArchivBD  conditions  of  this  province 
&re  modified  somewhat  by  a  great  system  of  diabase  dykes  #hich 
travetBe  the  region  and  which  were  noted  by  Agassiz^;  they  coin- 
cide remarkably  closely  with  the  trend  of  the  coast  This  coinci- 
desoe  of  coastal  trend  is  best  seen  between  Nipigon  and  Peninsula. 
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Between  Peninsala  and  Otter  head  the  dykes  are  very  Dameroae 
and  ooly  a  portion  of  them  coincide  with  the  general  trend  of  the 
coaet.  The  majority  cat  the  line  of  the  coast  obliquely.  Between 
Otter  head  and  Miohipicoten  harbor  the  dykea  are  both  parallel 
and  transverse  to  the  trend  of  the  coast,  there  being  apparently 
two  distinct  systems  of  fissures.  The  dykes  do  not  as  a  role  ex- 
ceed one  hundred  feet  in  width  and  are  vertical  or  nearly  so. 
When  occurring  in  the  Laurentian  and  where  degradation  has  pro- 
ceeded more  rapidly  than  the  country  rock,  a  dintihct  trench  marka 
their  occurrence.  When  they  traverse  the  Ontarian  rocks  they 
are  less  recognizable  and  less  important  topographically,  their 
color  being  more  nearly  that  of  the  country  rook  and  their  sascep- 
tibility  to  degradation  not  markedly  different  Whether  these 
lines  of  dykes  are  also  fault  lines  has  not  been  clearly  made  out 
It  is  impossible,  as  has  been  suggested,  that  their  origin  is  asso- 
ciated to  some  degree  with  the  depression  which  gave  rise  to  the 
lake  Superior  syncliue* 

There  is  much  morainic  drift  scattered  over  the  coast  of  the 
lake,  chiefly  in  the  form  of  boulders.  There  ate  also  protecting 
distinct  morainic  accumulations,  although  the  form  of  these  mo- 
raines is  difficult  to  recognize  on  account  of  the  timber  and  also 
from  their  having  been  modified  by  shore  action  at  various  stages 
of  the  lake  and  degraded  by  stream  action.  There  are  numerouB 
etreama  entering  the  lake  along  the  front  of  the  Arcbaian  province. 
Most  of  these  are,  however,  small  and  the  watershed  is  not  far  dis- 
taut  from  the  coast  The  entire  coast  is  well  exposed  to  southerly 
and  westerly  storms. 

The  rocks  of  the  Potsdam  province  are  undisturbed,  flat,  or 
nearly  flat,  shaly  sandstones,  generally  of  a  red  color.  These  aand- 
Btones  extend  out  from  the  base  of  the  Archsan  hills,  which  they 
encircle  in  a  level  plain.  They  have  not  been  observed  on  the 
north  side  of  the  lake  at  elevations  exceeding  fifty  feet  above  its 
level.  Theee  rocks  appear  to  occupy  an  extensive  tract  beneath 
the  waters  of  the  lake  in  its  southeastern  portion.  Whether  on 
the  islands  or  on  the  main  land  these  rocks,  by  their  petrograph- 
ical  uniformity,  their  stratigraphical  simplicity  and  the  proximity 
of  their  summits  to  the  local  base  level  of  erosion,  condition  a  simple 
and  mature  topography.  The  coast  along  which  they  are  found  is 
mostly  protected  from  the  full  sweep  of  the  lake  in  storms,  and  the 
water  off  shore  is  comparatively  shallow. 
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SHOBE  FEATURES  OF  THE  PRESENT  STRAND. 

It  has  been  stated  at  the  beginning  of  this  paper  that  there  is 
a  very  erideot  relationship  between  the  coastal  topography  of  the 
north  side  of  lake  Saperior  and  the  geological  conditions  which 
obtain  in  the  varioiis  proTiuces  which  have  been  oatlined  as  front- 
ing on  the  lake.  The  shore  features  of  the  present  struid  coueti- 
tate  an  important  element  of  the  general  topography  of  the  coast, 
aod  the  relationship  alluded  to  becomes  very  apparent  in  a  coneid- 
eratioD  of  some  of  these  features.  It  is  here  proposed  to  sketch 
Fery  briefly  the  character  of  the  leading  shore  featnrea  and  to 
compare  those  pertaining  to  the  different  provinces  with  one  an- 
other, having  reference  chiefly  to  the  geological  conditions  which 
have  controlled  the  development  of  the  shore.. 

SEA  CLIFFS. 
Among  the  most  striking  of  the  shore  features  which  engage  the 
attention  on  the  Minnesota  coast  are  the  lines  of  the  low  sea-cliffs, 
which  rise  abruptly  from  the  water,  ranging  in  elevation  from  a 
Tsry  few  feet  in  some  places  up  to  as  much  as  210  feet  of  vertical 
precipice  at  the  Palisades.  Thebe  cliffs  are  remarkable  for  their 
great  continuity,  their  general  uniform  hight  and  for  the  general 
scarcity  of  shore  drift  along  their  base.  The  most  striking  feature 
of  the  shore  oontonr, — viz:  its  simple  unbroken  tren^.— is  also  a  char- 
acter of  the  cliffs  and  must  necessarily  be  taken  into  account  in  a  de- ' 
acription  of  them.  These  cliffs  are  seemingly  the  direct  product  oC 
shore  action  and  appear  from  their  abruptness  to  be  in  active 
receseion;  yet  they  are  not  receding  altogether  by  reason  of  the' 
process  of  battering  and  undermining  to  which  the  recession  of 
cliffs  is  usually  asoribabla  The  products  of  the  mechanical  dis- 
inf^^ation  of  the  cliffs  do  not  as  a  rule  lodge  at  the  base  of  the 
cliff  and  become  the  tools  for  the  further  cutting  of  its  base. 
Wherever  such  detritus  lodges  and  is  handled  by  the  waves  as  a 
battery  there  is  usually  a  little  notch  or  vertical  gash  established 
in  the  cliff  wall.  As  a  rule,  moreover,  it  is  to  be  noted  that  the 
cliffs,  independently  of  any  softening  or  rounding  of  their  brink 
by  atmospheric  agencies,  are  not  strictly  precipitous  except  where 
the  rock  of  which  they  are  composed  is  uniform  from  top  to  bot- 
tom. On 'the  contrary,  although  the  general  effect  is  that  of  pre- 
cipitous cliffs,  the  base  is  nearly  always  mote  projecting  than  the 
higher  portionB  and  the  cliff  rises  in  a  series  of  rude  steps,  the 
front  of  each  step  being  usually  nearly  vertical,  while  its  surface 
slopes   gently   lakeward.      The    explanation  of    this   character 
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of  cliff  lies  in  the  nature  of  the  rocks  ftnd  theii  Btmetaral 
f  eatares.  Aa  has  been  stated,  the  rocks  of  the  cowt,  with  some 
looal  exceptions,  are  Toloanio  flows,  frequently  of  no  g^eat  thick- 
neae,  associated  with  which-are  sheets,  probably  injected  as  sills, 
and  a  few  dykes.  The  voloanio  rocks  are  very  commonly,  when 
basic,  vesicalar  or  amygdoloidal  and,  when  acid,  are  of  the  catnro  of 
a  dense  red  porphyry  which  disintegrates  mechanically  with  the 
greatest  readiness.  These  bedded  and  r^;uIaTly  stratified  roloania 
rooks  have  a  constant  lakeward  dip  along  the  whole  coast,  the  in- 
clination osoatly  not  exceeding  ten  degrees.  It  lb  these  petrograpi- 
cal  and  strnctaral  features  which  seem  to'be  the  real  conditioning 
causes  in  the  development  of  this  remarkable  line  of  cliffs  in  so 
Car  as  it  is  actually  receding,  and  the  uhore.  action  a  minor  and,  as 
it  were,  the  determining  or  precipitating  cause  of  the  degradation. 
The  bedding  planes,  the  intricate  jointage,  the  columnar  structure 
of  some  of  the  beds,  the  porous  character  of  many  others,  and 
lastly,  the  lakeward  dip,  all  favor  the  loosening  and  dislodgement. 
of  blocks  under  the  influence  of  an  abundant  supply  of  water  by 
the  waves  and  the  changing  temperature  of  the  climate;  and  so  the 
cliff  recedes,  being  only  to  a  limited  extent  worn  down  by  the  bat- 
tery process.  But  the  total  recession  has  been  very  small  as  ia 
evidenced  by  the  fact  that  for  many  parts  of  the  shore  only  a  very 
narrow  subaqueous  shelf,  disproportionate  to  the  size  of  the  cliff, 
has  been  formejl,  or  none  at  all.  And  indeed  there  are  grave 
doubts,  amounting  almost  to  certainty,  that,  although  this  line  of 
precipice  is  now  fuuctionally  a  sea-cliff  of  the  present  strand,  it  is 
not  primarily  and  genetically  a  sea-cliff.  The  way  in  which  the 
cliff  rises  from  deep  water  as  the  upward  continuation  of  a  very 
pronoanced  subaqueous  cliff  [See  PI.  XI,  Fig.  1.]  indicatee  very 
clearly  that  its  origin  is  essentially  pre-lacustrine  or  at  least  extra- 
lacustrine;  and  the  suggestion  can  scarcely  be  resisted  that  prim- 
arily the  cliff  of  the  Minnesota  coast  is  a  great  fault  scarp.  Two 
facts  may  be  cited  which  harmonize  with  this  suggestion.  (1) 
The  trend  of  the  coast  is  in  direct  line  with  the  great  linear  series 
of  dykes  which  extends  from  Pigeon  point  to  Thompson  ialand, 
and  which  probably  is  continuous  with  the  similar  series  of  dykes 
having  the  same  trend  on  the  islands  and  points  on  the  south  side 
of  Thunder  cape.  (2)  Mr.  Peter  MoKellar  has  informed  the  writer 
that  a  great  fault  is  observable  near  the  head  of  Thunder  bay  in 
the  line  of  the  east  side  of  the  bay,  and  that  the  cliff  which  forms 
this  side  of  the  bay  is  without  donfot  a  great  fault  scarp.  This 
scarp  would  parallel  the  one  suggested  as  determining  the  line  of 
the  present  Minnesota  shore,  or  converge  upon  it  very  obliquely. 
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Along  the  front  of  the  Animikie  province  trae  sea-cli£Fe  are  not 
prominent  or  commoo  features  of  the  present  strand.  There  are, 
indeed,  nnmerons  precipices  rising  from  the  water,  batthey  arenot 
all  sea-oliffs  in  the  strict  sense  of  the  term.  Two  types  of  these 
coastal  preoipioee  may  be  mentioned:  (1)  where  the  rock  of  the 
Bliore  is  that  of  one  of  the  great  trap  dykes  which  iatersect  por- 
tioQB  of  the  coast,  particolarly  in  its  southwestern  portion;  and  (2) 
where  the  thick  sheets  of  columnar  trap,  which  have  been  intruded 
between  the  nearly  fiat  Animikie  beds,  descend  by  a  gentle  local 
dip  to  the  water's  edf^e.  In  both  of  these  cases  precipices  are 
formed,  those  of  the  columnar  flat  sheets  being  more  nearly  ver- 
tical than  thoee  of  the  dykes.  But  in  neither  case,  so  f ar  ae  the  ob- 
servation of  the  writer  goes,  are  these  cliffs  ever  functional  as  sea- 
cliSa  in  the  sense  that  Uiey  are  receding  by  reason  of  wave  action 
aad  have  a  wave  cat  terrace  at  their  base.  Usually  they  rise  from 
deep  water  and  Jiave  no  shelf  at  the  water  line.  Their  origin  as 
topographic  forms  long  antedates  the  lake  and  is  ascribable  to  the 
process  of  erosion,  which,  in  conjanctioa  with  orographic  move- 
ments, is  responsible  for  the  basin  in  which  the  lake  lies.  There 
is,  however,  a  type  of  precipice  which  is  in  its  functional  relations 
to  the  present  strand,  a  true  sea-cliff,  although,  as  seems  probable 
in  the  case  of  the  Minnesota  shore,  the .  locus  of  the  cliff  was  de- 
termined by  other  agencies  than  shore  action.  The  cliff  referred 
to  is  best  seen  on  the  .east  side  of  Thunder  bay,  above  Sawyer's 
bay.  Here  the  shore  is  at  the  base  of  a. long  uniform  line  of  ver- 
tical cliff  which  is  in  active  recession  and  which  has  a  boalder- 
strewn,  snb-aqueous  shelf  at  its  base.  Here  the  face  of  the  cliff  is 
composed  of  horizontal  Animikie  slate,  which  yields  readily  to  the 
bftttay  which  plays  on  its  lower  part  during  westerly  storms.  The 
recession  is  so  active  that  it  is  encroaching  upon  a  terrace  of  a 
higher  stage  of  the  lake  where  a  similar  cliff  has  been  devel* 
oped.  The  initiation  of  this  line  of  cliff,  now  a  sea-cliff,  is,  in  the 
opinion  of  Mr.  McKellar,  expressed  in  convereation  with  the  writer, 
dne  to  a  fault,  the  displacement  of  which  is  apparent  near  the 
head  of  Thunder  bay.  But  these  rocky  precipices,  whether  sea- 
cliSs  or  not,  do  not  form  any  very  extensive  portion  of  the  shore 
of  the  Animikie  province.  By  far  the  greater  part  of  the  shore 
is  along  the  talus  slopes  of  the  magnificent  cliffs  of  differential  de- 
gradation, which  surround  the  Thunder  bay  district  and  have  made 
its  topc^aphy  famous.  On  these  talus  slopes  earlier  shores  have 
in  places  oonstruoted  embankments.  But,  whether  the  present 
strand  lies  along  the  primary  talus  or  along  these  secondary  em- 
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bonkmeots,  there  has  been  no  important  catting  of  seft-oliffB. 
There  are  a  few  minor  ioBtancee  where  the  shore  haa  eaten  back 
somewhat  and  given  rise  to  a  small  cliff. 

Along  the  front  of  the  delta  of  the  Raministiquia  there  la  a  low 
bnt  abrupt  rise  above  the  shore  which  ia  also  to  be  interpreted  as 
a  eea-cliff.  A  low  cliff  of  a  very  few  feet  eoeiroIeB  Bome  of  the 
islands,  sach  as  Flatland  island,  which  have  a  small  altitnde  above 
the  lake  in  conseqnence  of  the  absence  of  protecting  dykes  or 
sheets  of  trap  to  restrain  the  slates  from  yielding  rapidly  to  erosion. 
Some  of  the  small  islets  of  Thunder  bay  also  may  be  bnt  the 
remnants  of  larger  islands  truncated  at  the  shore  line  by  the  pro- 
cess of  cliff-making. 

Along  the  strand  of  the  Arcbeean  province  rocky  declivities  are 
an  almost  constant  feature  of  the  shore.  The  coast  is  bold,  bare 
and  rugged;  but  true  sea-cliffs  are  remarkably  scarce.  The  rocky 
slopes  descend  to  the  water  with  usually  no  break  in  the  profile 
and  most  frequently  with  no  embankment  of  shore  drift  or  appear- 
ance of  shelf  at  their  base,  except  in  the  bays  where  sea-cliffs  in 
rock  are  not  ordinarily  developed  on  any  shore.  Where  the  shore 
is  occupied  by  the  Laurentian  gneiss  and  granite  practically 
no  incision  has  been  made  in  the  face  of  the  rocks  at  the 
shore  line,and  the  surface  of  rock  which  plunges  beneath  the 
waters  of  the  lake  has  with  little  or  do  qualification  the  precise 
form  and  slope  which  it  had,  when,  earlier  in  the  history 
of  the  lake,  it  was  covered  by  several  hundred  feet  of  water, 
and  which  it  had,  indeed,  before  the  existence  of  the  lake. 
The  entire  coast  has  been  glaciated  and  the  glacial  markings, 
grooves  and  hollows  are  frequently  seen  to  pass  down  be- 
neath the  water's  edge  without  an  abrasion  to  dim  their 
sharpness.  The  hummocky,  rounded  forms  of  rock  which  are  bo 
well  displayed  on  many  parts  of  the  coast  are  the  same  which  are 
found  throughout  the  region  far  removed  from  shore  action ;  and 
many  of  the  slopes  which  descend  to  the  water,  whether  steeply 
precipitous,  or  gently  inclined  or  rounded  in  hammock  form,  may 
be  indisputably  recognized  as  precisely  the  slopes  upon  which 
Animikie  or  KeweeniaQ  sediments  were  deposited  or  over  which 
the  Keweenian  lavas  flowed.  The  basin  of  lake  Superior  ia  very 
ancient,  more  ancient  than  some  glacialists  have  dreamed  of  in 
their  philosophy.  It  is  perhaps  hardly  necessary  to  go  into  the 
oanees  of  this  scarcity  of  sea-cliffs  on  a  coast  where  one  would  at 
first  thought  expect  to  find  them  abundant,  but  the  chief  of  these 
may  be  enumerated  as  follows:  il).  The  obdurate,  tough  and 
resistant  character  of    the    rocks  which  prevents  their  yielding 
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shore  drift  (or  battering  pnrpoBeB.  (2).  The  Bteepaees  of  the  or- 
^iosl  slope  of  the  coast  and  the  ooDseqaeiit  depth  of  water  near 
shore,  vhioh  preveiits  the  lodging  of  saoh  shore  drift  as  is  avail- 
able and  hinders  the  building  ap  of  embankments  which  woald 
tuilitate  the  transport  of  shore  drift  to  where  it  ooald  be  effeot- 
mly  used  by  the  waves.  (3).  The  shortoese  of  the  time  at 
which  the  shore  has  been  at  its  present  level  Qiven  time  snffioi- 
ent  and  the  two  other  adverse  causes  woald  be  overcome  ard  ve 
shoold  have  sea-olifFs  aroand  the  entire  ooast  Where  the  shore 
hee  along  the  schistose  rooks  of  the  Ontarian  system  of  the  Arch- 
ma,  aneh  sweeping  statements  as  to  the  absence  of  sea^oliffs  can- 
not be  made.  These  rooks  have  certainly  yielded  appreciably  to 
the  catting  action  of  the  shore  and  the  original  profiles  of  the  pre- 
Iseostrine  forms  have  been  notched.  But  the  shore  notch  is  not 
beaTy  and  the  reoeeaion  of  the  fresh  cliffs  has  osaally  l)een  so 
slight  as  to  modify  the  original  profile  bnt  little,  and  the  ste  ep 
slope  to  the  water  which  these  schistose  rocks  commonly  present  is 
essentially  that  of  the  pre-lRflnstrine  form.  These  cliffs  in  the 
schistose  rooks  may  be  best  seen  along  the  shore  east  of  Otter 
bead.  On  this  coast,  also,  to  tbe  east  of  Dog  river,  may  be  ob- 
served a  very  interesting  instance  of  the  active  formation  of  sea- 
diffs  in  soft  material,  by  the  waves  cutting  into  the  shore  ombank-  - 
ments  which  have  been  built  np  at  higher  stages  of  the  lake.  The 
cliff  of  tiie  present  shore  has  been  reccing  so  rapidly  that  a  por- 
tion of  a  terraoe  16  feet  above  the  level  of  the  lake  has  been  en- 
tirely ondermined  and  obliterated  back  to  and  beyond  its  own  or- 
iginal sea-cliff,  affording  a  very  clear  piotare  of  how  gape  in  the 
series  of  ancient  shore  lines  may  occur.  [See  Fig.  16,  in  descrip- 
tive notes  nnder  Dog  river.  ] 

On  the  shore  of  the  Potsdam  province  the  sea-cliff  which  com- 
monly separates  the  ehore  from  the  plain  formed  by  the  npper 
aarfece  of  the  flat  sandstones  is  freqnently  worn  down  and  is  not 
i^wayq  a  prominent  feature  of  the  shore.  It  probably  tends  to  re- 
cede more  rapidly  by  atmospheric  andorganicdegradation  in  many 
portions  of  its  extent  than  by  the  attack  of  shore  forces,  so  that  its 
edge  or  brink  is  ronnded  and  softened  and  the  lakeward  slope  of 
the  cliff  is  rather  low.     It  is  not  preeipitoos  on  the  islands. 

BEACHES,  BABS,   SPITS,   ETC. 

Boolder,  pebble  and  shingle  beaches  are  common  features  of  the 

Dorth  shore  of  lake  Superior,  and  some  of  these  are  of  magnificent 

proportionB  as  regards  their  crose  profile.     They  are  all,  however, 

limited  in  their  horizontal  extent,  except  in  the  Potsdam  province, 
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to  the  pTonooQoed  indentBtioii  of  the  ^ore  line.  They  are  leut 
abandaot  in  the  Keweeman  prorince  siid  moat  abandant  in  the 
Aoimikie.  In  the  iLrchiean  province  they  are  only  of  local  oooar- 
renoe  chiefly  in  the  vicinity  of  the  months  of  atreama,  there  being 
extensive  portions  of  the  shore  along  the  front  of  this  province 
which  yield  no  shore  drift  for  the  formation  of  snoh embanknientB. 
The  shore  of  the  Potsdam  province  presents  either  a  continnooB 
beaoh  or  a  boulder  atrewn  ahore,  bat,  as  the  Potsdam  rocks  are  of 
very  limited  oconrrenoe  on  the  north  aide  of  the  lake,  the  extent  of 
these  simple  beach  or  booldery  strands  is  even  here  small  when 
compared  with  the  total  length  of  the  shore. 

The  extensive  linea  of  cliffs  along  the  shore  of  the  Keweenian 
provinoe  on  the  Minnesota  ooast  wonld  seem  to  presuppose  the  oo- 
oorrenoe  of  more  extensive  beaoh  aooamulattons  than  are  aotoally 
found;  the  simplicity  of  the  shore  oontonr,  however,  and  its  re- 
markable freedom  from  indentations  in  which  the  shore  drift  could 
lodge,  militate  against  the  development  of  beaoh  embankments. 
The  shelving  character  of  the  rooks  with  their  constant  lakeward 
dip,  and  the  depth  of  water  immediately  off  shore,  are  also  effective 
oanses  in  preventing  aocamolations  of  shore  drift  except  in  the 
meet  favored  looalitiee.  Snoh  looalitiee  are  not  wanting  along  the 
coast  of  Minnesota,  and  a  few  of  these  may  be  referred  to. 

The  finest  of  all  the  lake  Superior  beaches  is  of  course  the  bar 
which  spans  the  head  of  the  lake  from  Pnlnth  to  Superior  City. 
This  is  so  well  known  already  that  nothing  more  than  a  mere  men- 
tion of  it  is  here  required.  Beyond  Culuth  the  first  important 
beaoh  ie  that  which  tarmB  the  bar  across  the  month  of  the  Knife 
river.  The  river  has  at  its  month  devdoped  a  small  delta  in  the 
shelter  of  a  low  point  of  rock.  This  delta  material  is  chiefly  sand, 
but  there  is  mixed  with  it  drift  from  the  ahore  to  the  eastward.  This 
accumulation  has  extended  outward  till  it  is  now  even  with  the 
protecting  rocky  point,  and  here  it  is  probably  stationary,  having 
ceased  its  lakeward  expansion  by  reason  of  the  surplus  being  car- 
ried beyond  the  point  The  front  of  this  delta  extends  as  a  well 
defined  bar  almost  entirely  across  the  mouth  of  the  stream  and  the 
waves  have  banked  it  up  in  the  form  of  a  broad  beach. 

The  ahore  of  Agate  bay  and  that  of  the  adjoining  Burlington 
bay  has  a  beach  embankment  of  oonaiderable  extent,  the  pebbles 
being  moatly  of  local  derivatiou.  Among  these,  however,  were 
found  two  fragments  of  cream  colored  limestone  containing  frag- 
menta  of  fossils  indicating  that  some  of  the  beach  material  is  de- 
rived from  morainic  accumulations. 
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Gooaebarry  rirer  discharges  into  a  small  bay  which  is  somewhat 
{Hoteoted  by  a  jatdng  point  oE  rook,  and  thd  shore  in  the  Tioioity 
oE  the  stream  presents  a  finely  bnilt  beach  of  small  nniform  gravel 
of  a  red  acid  Tdloanio  rock,'  which  oocors  in  the  neighborhood  and 
which  is  easily  broken  down  into  small  fr^ments  without  under, 
going  chemical  decay  or  loeing  its  hardness.  The  month  of 
Split-rook  river  is  similarly  protected  by  Split-rock  point  and  a 
beach  shata  o£f  from  the  lake  the  marshy  flood  plain  of  the  stream. 

The  month  of  Beaver  river  is  also  well  protected  by  a  point  of 
rook  and  between  the  stream  and  Beaver  bay  there  has  been  thrown 
oat  a  spit  compoaed  almost  entirely  of  sand  broaght  down  by  the 
stream.  The  spit  is  parallel  to  the  stream  and  ia  only  a  few  han- 
dred  yards  long.  The  waves  have  baUt  it  ap  into  a  broad  tow 
ucfaed  beach.  The  river  aide  of  the  spit  is  being  oonslantly  cor- 
roded by  the  stream  and  the  material  thns  worn  down  is  carried 
into  the  bay  where  it  is  added  to  the  oater  or  lakeward  side,  where 
by  the  action  of  the  wind  and  waves  it  is  soon  carried  again  over 
to  the  river  side,  again  to  be  undermined  by  the  stream.  Thns 
there  is  a  oonstant  undermining  on  one  side  and  ap<bnilding  on 
the  other  side  of  the  spit,  while  in  position  it  remains  constant, 
[See  PI.  lu,  Fig.  i] 

Between  the  Palisades  and  the  month  of  Baptism  river  a  beach 
<^  greater  length  than  is  nsnal  on  this  shore  has  been  thrown 
across  an  embankment.  The  material  is  ohiefly  derived  from  the 
diSs  of  the  vicinity,  snpplemented  by  gravel  from  the*  Baptism 
river,  the  rook  there  being  the  same  red  porphyry  which  supplies 
80  much  of  the  gravel  of  the  shore  dittt. 

At  Ghx}d  Harbor  bay  some  soft  sedimentary  shales  protected  on 
the  lakeward  side  by  a  ridge  of  hard  igneons  rock  have  afforded 
conditions  favorable  for  shore  erosion,  and  the  bay  is  the  result. 
The  diffs  at  the  back  of  the  bay,  being  of  this  soft  shale  in  nearly 
horizontal  attitudes,  are  actively  receding  and  a  shingle  beach  has 
been  piled  up  along  the  base  of  the  material  which  has  not  yet 
bem  reduced  to  clay  and  carried  out  to  deep  water.  The  beaoh  is 
not  large  aud  in  violent  storms  is  doubtless  entirely  moved.  A  few 
miles  farther  on  Grand  Maraie  harbor  presents  a  fine  pebble  and 
ahingle  beach  which  extends  in  the  form  of  a  broad  based  spit  oon- 
neding  the  island  on  which  the  lighthouse  stands  with  the  main 
shore.  [See  PI.  xii,  Fig.  L]  The  material  of  this  beach  is  again 
the  same  red  quartz  porphyry  which  has  been  so  often  referred  to 
SB  a  source  of  supply  of  shore  drift.  The  cliff  from  which  it  is  in 
this  case  derived  is  a  little  to  the  east  of  Qrand  Maraia. 
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FiBh-hook  point,  the  moaUt  oC  Brale  riTer,  and  Deronda  bay  are 

the  onlj  other  places  along  the  Keveenian  of  the  MiDnesota  shore 

viiere  notable  beaches  oooar,  aad  in  all  these  oases  they  are  foand 

.  in  the  immediate  vicinity  of  cliffs  of  red  qaartz  porphyry  and  the 

.   embankments  are  nearly  altogether  composed  of  this  materiaL 

These  beaches  tbas  briefly  alladed  to  are  the  only  very  proini- 
hent  ones  that  attract  attention  in  coasting  along  the  ahore  front 
Palath  to  Grand  Portage.  The  longest  of  them  is  probably  not 
more  than  one-eighth  of  a  mile  in  length;  and,  if  it  is  borne  in  mind 
that  these  are  distribated  over  a  shore  of  nearly  ISO  milsa,  their 
mere  enumeration  is  sufBoient  to  indicate  the  mesgemess  of  beaoh- 
es  along  its  extent.  It  is  not  intended  by  this  explicit  allnaion  to 
these  beaches  to  imply  that  there  are  not  others.  There  are  many 
small  coves  along  the  shore,  so  small  that  they  afford  no  shelter  for 
a  row-boat,  and  also  short  stretches  of  open  shore  between  jatting 
points,  where  local  detritus  has  accamnlated  and  has  been  thrown 
ap  into  beach  form.  The  proportion  of  these,  however,  to  the 
total  length  of  coast  is  very  small.  There  are  also  stretches  of 
shore  which  are  essentially  bare  shelving  rock,  bat  which  in 
patches  are  encambered  with  boulders.  In  general  the  impression 
received  by  inspection  of  the  Eeweenian  shore  from  a  rpw-boat  is- 
that  of  a  wonderful  dearth  of  shore  drift  and  a  great  extent  of  bare 
rook,  and  one  is  constantly  strnck  by  the  association  of  the  naore 
important  beach  accnmnlations  with  the  occurrence  of  a  red  qaartz 
[Kirphyry  and  an  allied  and  qaite  similar  rock  in  which  qaartz  can 
not  be  detected  macroscopically.  This  association  depends  apon 
the  property  which  this  rook  has  of  yielding  pebbles  by  reason  of 
its  shattered  jointage  stracture,  the  resulting  fragments  being 
hard  and  resistant. 

In  passing  from  the  Keweenian  to  the  Animikie  province  along 
the  shore  of  the  lake  one  is  impressed  by  the  great  contrast  which 
is  presented  in  the  relative  abundance  of  beaches.  Along  the  Ani- 
mikie shore  beaches  are  the  role  except  where  the  great  dykes 
occupy  the  water's  edge.  The  reason  for  the  difference  lies  in  the 
diverse  petrographical  characters  of  the  two  formations.  Is  the 
Eeweenian  the  only  rock  capable  of  yielding  shore  drift  in  aband- 
ance,  the  red  porpyrhy,  is  of  limited  occurrence,  and  it  is  pre- 
vented from  yielding  large  quantities  by  its  association  with  harder 
rocks  which  keep  the  line  of  the  shore  from  receding.  In  the  Ani- 
mikie province  it  is  far  otherwise.  The  Animikie  slates  and  slaty 
sandstones  and  quarfzytes  occur  along  the  entire  Animikie  ooast 
and  have  yielded  an  overwhelming  amount  of  material  eminently 
suitable  for  the  formation  of  shingle  beaches.  Aa  has  been  already 
Dgiize.  ..Google 


STATX   QEOLOQIBT.  206 

pointed  out  the  topography  of  the  Animikie  coast  Taries  acoordioR 
aa  the  igDeons  rocke  which  invade  the  slates  are  preTailiogly  dykes 
or  prevailingly  horizootal  sheets  or  sills.  At  the  soatbwestern 
part  of  the  Animikie  coast,  in  the  vicinity  of  Pigeon  river,  the 
dykes  prevail  and  the  country  is  intersected  by  a  great  plezns  of 
immense  dykes,  with  limited  patches  of  slat«B  in  horizontal  atti- 
tudes lying  between.  This  condition  obtains  also  on  the  islands 
which  stretch  from  Victoria  light  to,  bat  not  iDolnding,  Fie  island. 
In  the  portion  of  the  coast  thns  affected,  the  dykes  oanally  extend 
lakeward  and  as  bold  promontories  marking  off  well  defined  bays; 
and  the  water  being  deep  off  the  extremity  of  these  promontories, 
the  beaches  are  confined  to  the  bays,  so  that  there  is  not  a  long 
continnons  beaoh  on  this  part  of  the  ooast,  althoagh  the  varions 
individual  beaches  in  the  bays  are  of  considerable  extent.  Where 
the  aides  of  the  dykes  oooapjr  the  shore,  as  on  the  north  side  of 
Pigeon  point,  Victoria  island  and  Thompson  island,  the  water  is 
uoally  deep,  and  there  is  no  shore  drift  nor  beach  accomalation, 
the  cliffs  (pre-laoDstrine)  rising  preoipitoosly  from  the  depths  of 
the  lake.  Passing  into  that  portion  of  the  Animikie  coast  where 
trap  sills  prevail  and  the  dykes  play  only  a  very  subordinate  role 
or  are  absent,  we  find  praotioally  continaons  beaches  interrapted 
occasionally  by  preoipitoas  headlands.  This  festare  of  the  shore 
ie  associated  with  an  almost  entire  absence  of  sea-cliffs.  This  state- 
mentmay  be  sorprisingto  readers  familiar  with  the  f  amoos  Thnnder 
bay  landscape  with  its  beetling  cliffs.  The  vertical  precipices  of 
Thnnder  bay  overlooking  the  lake  are  not  sea-cliffs  of  the  present 
(bore.  They  are  primarily  cliffs  of  differential  degradation  of 
pre-Iacnstrine  origin,  and  the  topographic  maBses  which  they  limit 
are  true  mesas.  At  some  of  the  higher  stages  of  the  lake  they 
have  been  functional  as  sea-oliffe,  bat  at  present  the  sabsidence 
of  the  lake  has  brought  the  shore  in  most  cases  low  down  on  their 
t&los  slopes,  and  the  eliSa  have  retomed  to  their  former  condition 
of  cliffs  of  differential  degradation.  As  an  exception  to  this  last 
statement  may  be  mentioned  the  cliffs  which  occupy  the  shore  im- 
mediately to  the  northeast  of  Little  Trout  bay, where  the  main  trap 
sheet  or  cap  descends  below  the  level  of  the  lake,  and  its  edge  rises 
veiticaUy  100  feet  or  more  above  the  water,  and  there  is  no  beaoh  or 
visible  tains.  From  these  statements  it  will  be  apparent  that, 
although  beaches  abound  on  the  Animikie  shore,  the  material  of 
vhich  they  are  composed  is  not  derived  immediately  from  neigh- 
boring  ses-cliSs.  It  comes  entirely  from  the  old  talus  of  the 
cliffs  not  now  affected  by  shore  action  and  much  of  it  has  come 
from  earlier  beach  embankments  higher  up  on  the  same  talus^ 
slope.  DgiizBcr,  Google 
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Thas  in  oar  conDparison  of  the  Keweenian  and  ADimikie  shores 
we  arrive  at  the  seemingly  paradoxical  statement  that  along  the 
former,  althoagb  there  are  exteDsive  lines  of  fanotionally  active 
sea-cliffs,  there  is  a  scarcity  of  beaohea;  while  along  the  latter, 
althoagfa  there  are  practically  no  sea-oliffe  shedding  freah  debitoa, 
shingle  beaches  abound. 

Intermingled  with  the  local  drift  of  the  beaches  of  the  Animitie 
prorinoe  there  are,  it  shoold  be  mentioned,  nnmerooe  boaldere  of 
glacial  derivation.  There  are  also  many  more  or  leaa  angalar 
bonlderB  of  trap  from  sille  and  dykes,  and  some  parts  of  the  ahore 
are  thickly  strewn  with  Bach  boalders  to  the  ezclasion  of  the  ordi- 
nary pebbles  and  shingle. 

A  general  statement  respecting  the  distribotioQ  of  beaches  along 
the  shore  of  the  Arohsean  province  is  difficalt  to  formalate. 
Beaches  are  common,  bnt  they  are  dae  to  local  causes  and  are  not 
uniformly  distributed.  The  intrioate  inde'ntatiou  of  the  coast 
affords  everywhere  ample  opportunitieB  for  the  lodging  of  shore 
drift  and  the  piling  of  it  up  into  beaoh. embankments,  but  the 
supply  of  shore  drift  is  very  small.  Where  the  Laurentian  gran- 
ite and  gneiaseB  occupy  the  ooast  shore  action  has  been  impotent 
both  at  the  present  and  all  earlier  stages  of  the  lake  to  affoot  the 
sculpture  of  Bea-oliffs,  which  would  supply  the  drift  necessary  for 
the  acoamalation  of  important  lines  of  beach  embankments.  The 
schistose  rooks  of  the  Ontarian  system  have  been  more  yielding, 
but  still  supply  a  oomparatively  small  proportion  of  the  shore 
drif  L  The  petrography  and  stractare  of  the  province  preclude  the 
possibility  of  cliffs  of  differentisl  degradation  having  at  any  previ- 
ooa  period  in  the  history  of  the  region  afforded  a  supply  of  tains 
material  which  might  be  seized  by  the  waves  and  wrought  up  into 
embankments.  This  poverty  of  general  shore  drift  and  the  preva- 
lent separation  of  the  bays  by  bold  headlands,  preventing  the  drift 
of  one  bay  from  passing  aronnd  into  its  neighborB,oonditionB  a  shore 
whose  beaches  are  dependent  upon  loc^  and  extra  lacustrine 
sourcee  of  supply.  These  sources  are  chiefly  two,  viz:  (1)  stream 
deltae,  and  (2)  glacial  drift;  and  tioth  of  these  are  variable.  The 
result  is  that  the  shore  is  a  long  succession  of  email  bays,  some  of 
which  have  beaches  and  some  of  which  have  not.  In  the  vicinity 
of  the  streams,  deltas  have  been  developed  usually  of  small  size 
consisting  chiefly  of  stream  pebbles,  and  these  afford  material  for 
beaches  as  described  in  the  reference  to  wave-built  terracea. 
Where  there  are  no  streams  the  beaches,  when  present,  consist 
chiefly  of  erratic  boulders  with  but  a  sparing  proportion  of  smaller 
pebbles  and  gravel.     Thus  a  very  small  proportion  of  the  beach 
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materul  oC  the  ArobBBBn  provinee  is  of  local  origin.  Ooe  other 
Bonroe  o£  beach  material  on  this  ^art  of  the  shore  remains  to  be 
mentioned.  At  higher  levels  of  the  laku,  the  streams,  not  having 
Tell-defined  trenches  of  their  own  catting,  bat  following  the  de- 
preasioDS  between  the  hammocks  and  hills  of  this  mammiUated 
region,  emerged  on  the  coast  in  some  esses  at  places  more  or  lees 
distant  from  their  present  pniot  of  discharge,  and  the  embank- 
ments which  aooamalsted  at  these  old  oatlets  have  been  oat  into 
by  lover  stages  of  the  lake  and  the  whole  or  part  of  their  material 
oarried  down  to  lower  portions  of  the  rooky  slope;  and  some  of  it 
enters  into  the  oompoeition  of  the  modern  beaches.  Even  when 
the  point  of  discharge  has  not, materially  changed,  the  shore  con- 
tour at  higher  sta^^  was  in  certain  other  cases  snch  that  the 
stream  detritos  broaght  down  to  the  lake  was  much  more  exten- 
sively diatribated  than  at  the  present  stage.  So  that  not  a  little  of 
Ui« pebbly  material  which  enters  into  the  composition  of  the  modem 
besohes  is  derived  from  the  streams  of  the  neighborhood,  althoagh 
this  is  not  apparent  at  the  first  glance. 

Of  the  beaches  of  the  Potsdam  province  little  remains  to  be  said. 
The  rooks  of  the  Fotadaca  are  uniformly  fiat,  or  nearly  flat,  often 
dialy  sandstones;  and  the  effect  of  wave  action  npon  each  rocks 
has  been  the  development  of  a  uniform  and  oontinnons  shelf  which 
is  ooextenaive  with  the  occupancy  of  the  shore  by  these  rocks,  and 
which  is  now  frequently  occupied  at  the  shore  by  a  low  beach. 
The  profile  of  the  beaoh  of  course  varies  according  as  it  is  shel- 
tered or  is  expoeed  to  an  open  expanse  of  water.  The  water  off 
these  shores  is  generally  shallow,  and  wave  action  therefore  feeble 
on  the  immediate  shore,  so  that  high  beaches  do  not  prevail.  Scarps 
or  cliffs  of  importance  are  not  common,  althoagh  a  few  good  sea- 
cliffs  occur,  especially  on  the  islands.  An  occasional  abrupt  rise  of 
the  ground  may  perhaps  beinterpreted  as  a  cliff,  genetically  consid- 
ered, bat  the  rocks  seem  to  yield  readily  to  the  degrading  infiaenoe 
of  the  weather  and  vegetation.  The  shallow  off  shore  water  and 
the  shore  itself  is  frequently  strewn  with  boalders  which  the  waves 
are  unable  to  handle.  These  boalder  strewn  shores  are  regarded 
u  a  phase  of  beach'.  Under  other  condidions,  which  would  allow 
the  access  of  more  potent  waves  to  the  shore,  these  boulders  would 
nudonbtedly  be  ridged  up  together  in  beach  fashion.  The  sweeping 
contour  of  the  shore,  the  low,  continuous  beaoh^  and  the  degra- 
datios  of  the  cliffs,  all  give  the  shore,  as  has  been  said,  an  aspect 
of  great  maturity. 
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DELTAa   AND  WATE-BHILT  TEBRACEB. 

On  the  north  shore  of  lake  Superior  deltas  and  wave-built  -ter- 
raoes  are  natnrally  associated.  The  sine  qua  mm  of  a  waTe-bailt 
terrace  is  the  booession  to  the  shore  of  more  detritoa  than  the  forces 
of  the  shore  can  either  transport  or  paWerize.  On  a  shore  where 
the  development  of  cliffs  has  not  proceeded  suffioiently  to  yield  an 
abundance  of  detritoa,  the  only  place  where  snob  a  oongestioD  of 
shore  drift  is  liable  to  oooar  is  in  the  vicinity  of  streama  which  are 
bringing  down  pebbles  and  bonldere  to  the  lake  and  there  drop- 
ping them  to  baild  up  a  delta.  Thus  it  happens  that  along  the 
present  strand  of  lake  Superior,  where  the  sea-cliffs  are  not  largely 
developed,  the  chief  wave-bailt  terraces  are  fonnd  on  the  enter 
margins  of  the  deltas  of  certain  streams  which  are  transporting 
coarse  material,  and  in  the  vicinity  of  certain  rocks  of  limited  die- 
tribation  which  disintegrate  rapidly  and  shed  an  abodanoe  of  hard 
fragments,  as'in  the  case  of  the  red  porphyry  rocks  of  the  Minne- 
sota coast.  Streams  which  are  transporting  sedimentin  a  fine  state 
of  division  are  also  forming  deltas  at  the  lake  shore,  bat  there  are 
no  wave-bailt  terraces  associated  with  them.  Of  these  the  delta  o£ 
the  Eaministiqaia  is  the  most  notable.  Other  streams  which  emerge 
on  the  open  coast  where  the  water  is  deep  close  to  shore  are  also 
bnilding  np  deltas,  bnt  these  are  entirely  sab-aqaeons  or  are  barely 
perceptible.  Still  other  streams  have  their  sediments  intercepted 
by  small  lakes  before  reaching  lake  Superior,  and  these  add  little 
or  nothing  to  the  shore  drift  The  fewness  of  the  deltas  and  wave- 
bailt  terraces  on  the  north  shore  renders  it  difficult  to  compare  the 
local  influences  which  have  controlled  the  development  of  these 
features  in  the  different  geological  provinces.  There  are  certain 
general  considerations,  however,  which  may  be  mentioned.  The 
extreme  meagreness  of  the  visible  delta  acoumalatione  along  the 
shore  of  the  Keweenian  province  is  doubtless  dae  to  the  proximity 
of  the  Minnesota  water-shed  to  the  coast  and  the  consequent  small- 
neea  of  the  streams,  and  to  the  exceptional  depth  of  water  cloae  to 
the  shore  line.  The  scarcity  of  wave-built  terraces,  which  are  in- 
dependent of  deltas,  is  to  be  ascribed  to  the  simplicity  of  the  shore 
line,  which  does  not  favor  the  lodging  of  shore  drift,  and  to  the 
fact  that  the  extensive  cliffs  which  characterize  the  Minnesota 
shore  are  only  effective  sea-cliffs  to  a  limited  extent,  being  proba- 
bly conditioned  by  a  pre-lacastrine  structural  feature. 

Along  the  front  of  the  Animikie  province  there  are  only  two 
streams  of  importance,  the  Pigeon  and  the  Kaministiquia;  and  of 
these  the  former  appears  to  be  a  very  young  stream,  while  the  lat- 
ter is  probably  one  of  the  oldest  streams  associated  with  the  pres- 
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eat  physiography  of  the  lake  Saperior  bMiD.  The  o&e  Btream  has 
&  Bmall  and  insigtufioant  delta,  while  that  ot  the  other  is  large 
and  important,  as  is  noted  more  in  detail  below.  The  sediment  car- 
ried by  both  streams  is  fine,  and  there  is  do  waTe-boilt  terrace  asso- 
ciated with  their  deltas. 

The  scarcity  of  wave-bnilt  terraces,  which  are  strictly  asoribable 
to  the  present  strand  of  the  Animikie  province,  is  not  doe  to  any 
laok  of  shore  drift,  bat  rather  to  the  following  fact:  The  more 
recent  st^ee  of  the  lake  have  had  their  shores  along  tains  slopes 
or  earlier  shore  embankments,  and  the  general  shore  contoor  for 
very  considerable  stretches  has  not  materially  changed,  although 
ihe  lake  has  sabeided  through  many  saooeBBive  stages.  ThoB  there 
has  been  opportunity  afforded  for  such  a  distribution  of  the  shore 
drift  to  be  effected  as  to  establish  a  practical  equilibrium  without 
tendency  to  transport  bo  long  as  uo  new  accessions  are  made  to  the 
shore;  and  we  have  seen  in  oar  disoassion  of  the  cliffs,  that  for  the 
greater  part  of  these  shores  the  amoont  of  shore  drift  is  ncfVi  con- 
stant, or  is  diminishing  slowly  by  pulverization.  In  the  process  c^ 
establishing  this  approximate  equilibriam,  much  of  the  shore  drift 
has  gathered  inthe  bays  and  has  been  ridged  up  into  parallel  beaches ; 
but  as  this  has  proceeded  pari  passu  with  the  lowering  of  the  level 
of  the  lake,  the  ridged  terrace  which  has  resulted  differs  from  a  sim- 
ple wave-built  terrace  in  the  fact  that  it  is  not  level,  but  elopes,  the 
tnore  lakeward  ridges  being  lower  as  a  rule  than  those  farther 
from  the  lake.  The  additions  to  this  sloping  wave-built  terrace  made 
by  the  present  stage  of  the  lake  are  not  important  and  usually  do 
not  exceed  one  or  two  beaches. 

The  delta-bnilding  streams  of  the  Arohroan  province  Beem  for 
the  most  part  to  draw  their  detritus  from  the  earlier  formed  em- 
bankments of  the  lake,  through  wbioh  they  have  cut  their  way; 
u)d  these  embankments  would  seem  primarily  to  have  been  built 
up  of  material  derived  from  morainic  accumulations,  as  true  ees- 
cliSs  supplying  Eibore  drift  have  never  at  any  stage  of  the  lake 
been  prominent  featorra  of  the  ahore.  No  well  ofaaraoterized 
vave-bailt  terraces,  dissociated  from  deltas,  have  been  observed 
along  the  shore  of  the  Arohsean  province.  In  the  Potsdam  prov- 
ince there  ore  no  deltas;  and  no  wave-bnilt  terraces  were  observed, 
although  it  is  possible  that  they  may  be  found  in  the  bays  which 
were  not  examined.  Their  existence  is,  however,  improbabla  A  few 
notes  are  here  given  on  the  more  important  deltas  and  wave-built 
terraces  of  the  north  shore,  based  not  on  a  careful  Btudy  of  their  feat- 
ures, but  only  on  such  cursory  examination  aa  the  time  devoted  to 
Uie  work  would  allow. 
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The  Delta  of  the  KaminiatUjuia. — Tfa«  largeet  aod  most  im- 
presBive  delta  of  the  north  side  of  lake  Saperior,  ae  veil  as  the 
moBt  aooeasible  for  stndy,  is  that  of  the  EamimBtiqaia  rlTer.  The 
lower  portion  of  the  stream  for  many  milee  back  from  its  month 
has  cot  its  treooh  down  into  the  delta,  which  has  been  aooama- 
latiog  thronghoot  the  higher  stages  of  the  lake,  and  this  trench  is 
oontiDaed  into  the  lake  as  a  snb-aqaeoos  ohanDel,  Dangable  for 
large  lake  ocaf  t,  throagh  the  delta  now  aocamnlatiDg  oat  to  cl«ep 
water.  The  river  has  three  mouths,  known  as  Fort  William  riTer, 
MoKeller's  river  and  Mission  river.  Thei»e  embrace  two  islands  of 
the  older  delta,  the  river  bifaroating  twice  in  the  vicinity  of  the 
town  of  Fort  William,  aboat  three  miles  from  the  lake  shore.  The 
material  brought  down  by  the  stream  is  al!  fine,  and  appears  to 
consist  of  olay  and  light  sand;  and  this  has  been  tme  far  back  in 
the  history  of  the  delta,  as  appears  from  an  inspection  of  its  stmot- 
ure  as  revealed  in  the  trench  walls  of  the  river.  This  section 
shows  nniformly  for  many  miles  from  the  month  a  lower  portion 
ol  an  indefinite  thickness  of  blue  olay.  over  which  is  spread  a  oon- 
tinnons  sheet  of  sand  which  forms  the  surface  of  the  ground.  The 
bine  clay  has  a  minimnm  thickness  at  a  distance  of  fourteen 
mUes  from  the  shore  of  probably  fifty  feet.  The  sand  is  not  qnite 
uniform  in  thickness  and  ordinary  sections  show  that  it  ranges 
from  two  to  ten  feet  This  strnctare  in  two  strata,  or  two  sets  of 
strata,  the  material  in  each  being  quite  different  from  that  in 
the  other,  becomes  easily  comprehensible  when  we  consider  the  two 
main  oonditione  attending  the  development  of  the  delta,  viz:  (1) 
The  extension  of  the  delta  embankment  from  shallow  into  deep 
water — a  condition  common  to  all  deltas;  and  (2)  the  sulraidence 
of  the  base-level  of  erosion  aa  the  level  of  the  lake  dropped,  which 
would  oaaee  a  more  rapid  lakeward  extension  <^  the  delta  than  if, 
the  base-level  were  constant.  OE  the  two  classes  of  material 
brought  down  by  the  stream  the  clay  would  l>e  carried  out  to  deep 
water,  while  the  sand  would  be  dropped  in  shallow  water.  But  Uie 
shallow  water  at  any  ^iven  stage  of  the  lake,  except  the  highest, 
was  deep  water  for  the  preceding  stages,  so  that  the  sand  for  this 
stt^e  would  be  spread  out  over  a  olay  bottom.  The  same  process 
would  of  course  operate  with  a  constant  base-level,  but  the  hori- 
zontal extension  of  the  delta  would  not  be  nearly  as  rapid.  The 
process  is  in  operation  in  the  growth  of  the  delta  of  the  present 
shore.  The  shoals  from  the  month  of  the  river  on  either  aide  of 
the  channel  out  to  the  vicinity  of  the  Welcome  islands,  are  sandy 
and  have  a  very  gentle  elope,  so  that  a  sailboat  may  ground  half  a 
mile  from  shore,  within  hailing  dbtauce  of  a  two  thousand-tOD 
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propeller  steaming  op  the  ohaiuiel,  as  the  writer  has  experieDoed. 
Near  the  Weloome  ialands  the  slope  beoomes  steeper  and  oat  be- 
yond the  islands  is  olay  bottom.  Thas  the  deTelopment  o(  the 
present  delta  is  bot  a  oontiooation  oE  the  same  growth  which  has 
bnilt  ap  the  great  delta  extending  far  ap  the  valley  of  the  Kamin- 
iatiqaia.  At  the  apex  of  the  delta,  near  KaminietiqaiR  station,  its 
etroctare  is  different,  as  is  indicated  elsewhere;  bat  here  the  oon- 
dititiona  were  different,  the  oarreat  was  powerful  and  ooarse  /nate- 
rial  was  handled  by  the  stream.  The  channel  of  the  stream  near 
the  lake  ia  bo  open  and  nnobstrooted  that  the  older  portion  of  the 
delta,  back  of  the  present  shore,  is  not  sabjeot  to  serioaB  overflow, 
and  only  the  sobaqaeoos  portion  is  growing.  The  slope  of  the 
older  delta  sarface  is,  aa  it  shonid  be,  away  from  the  banks  of  the 
stream,  at  least  on  the  north  side  towards  Fort  Arthar,  The  south 
side  of  the  stream  has  not  been  examined.  At  the  line  of  the  pres- 
ent shore  the  delta  is  faintly  terraced  by  the  development  of  a  low 
Bsa^ff,  as  if  marking  a  distinct  drop  oE  the  sarface  of  the  lake 
of  a  few  feet. 

On  the  snrfaoe  of  the  sabaqeoos  delta  is  as  exceptionally  shoal 
linear  area  between  the  shore  and  Mattou  island,  so  that  it  is 
BCBToely  possible  for  even  a  row  boat  to  pass  between.  This  linear 
shoal  appears  to  be  the  direct  prodnct  of  wave  action,  and  the 
final  resalt  will  doabtless  be  a  bar  connecting  the  island  with  the 
shore. 

The  Delta  of  the  Mazokamah. — At  the  month  of  the  Mazokamah 
river  a  delta  of  stream  gravel  is  at  present  being  bailt  op.  The 
river  is  a  small,  rapid  stream  issuing  directly  apon  the  lake  throagh 
a  narrow  cafion.  The  latter  is  a  sharp  Y-shaped  cleft  in  the  high 
rocky  blnffs  which  here  front  the  lake.  On  the  west  side  the  flat- 
lying  Keweenian  rises  in  vertical  walls,  and  the  face  of  the  heavy 
sheet  of  oolomnar  trap  which  rests  apon  it  frowns  down  on  the 
shrae  from  an  elevation  of  1,000  feet  or  more.  On  the  east  side 
the  Archeean  rises  in  scarcely  less  formidable  hills  with  varying 
riopes  and  maoh  greater  complexity  of  form.  Since  the  removal 
of  the  ice  sheet  the  Eeweenian  olifFs  have  been  receding,  while  the 
Aidiman  hills  have  not  been  sensibly  modified  by  the  agencies  of 
erosion.  Althoogh  the  stream  is  rapid,  and  is  lowering  its  trench 
like  all  streams  entering  the  present  level  of  lake  Superior,  the 
bulk  of  the  material  which  it  brings  to  the  shore  is  derived  from  a 
great  embankment  of  beach  gravel  which  has  been  thrown  part 
way  Boroaa  the  oa£ion  at  the  higher  stages  of  the  lake,  and  which 
the  stream  is  now  andermimng.  The  slides  from  the  out  through 
this  embankment  tend  to  choke  the  stream,  and  it  is  the  pargins 
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of  the  channel  of  this  elide  material  which  anpplies  nearly  all  of 
the  pebbles  for  the  delta  nov  ander  oonatrnotion.  The  delta  which 
ie  thas  aocnmalating  on  the  ezpoaed  ahore  of  Nipigon  bay  is  not  a 
aimpte  delta;  for  the  storms  have  given  its  surface,  on  its  oater 
part  at  least,  the  ridged  character  of  a  waTe>bniU  terraoe;  and  the 
Btinotare  throaghoat,  as  far  back  as  the  waves  originally  reached, 
is  doableee  a  composite  of  that  of  a  simple  delta  and  a  wave-bnilt 
terrace,  the  laljter  being  gradaally  diaaected-  and  overwhelmed  as 
the  delta  extended  laheward.  To  the  northwest  the  delta  passes 
into  a  trne  wave-bnilt  terrace  beyond  the  reach  of  the  delta  overflow. 
The  entire  embankment  has  a  width  from  the  original  shore  of 
from  one^eighth  to  one<qaarter  of  a  mile,  and  is  over  a  mile  in 
length,  extending  to  Mazokamah  point.  It  has  a  fairly  uoifurm 
level,  except  near  the  month  of  the  stream,  of  from  three  to  six 
feet  above  the  lake. 

The  Delta  of  Nipigon  River. — The  Nipigon  is  the  largest 
stream  flowing  into  lake  Superior,  yet  its  present  delta  is  small 
and  unimportant  as  a  feature  of  the  present  strand.  We  have 
not  far  to  look  fc>r  the  reason  of  this.  The  stream  itself  is 
the  drainage  of  a  large  lake  and  jost  before  it  drops  into  lake  Sa- 
perior  it  expands  into  a  series  of  small  lakes,  so  that  the  sediment 
which  it  carries  over  the  rapids  at  Nipigon  bridge  ie  exceedingly 
small  in  amoant,  and  the  water  appears  to  be  perfectly  oolorless. 
Jnst  below  the  rapids,  however,  the  eddy  of  the  stream  is  nnder- 
minii^  a  high  embankment  of  sand  and  gravel  and  this  affords 
sufficient  material  for  the  silting  up  of  the  small  bay  or  inlet  of 
Nipigon  bay  which  forme  the  last  couple  of  mites  of  the  stream's 
coarse. 

The  Delia  of  Qravel  River. ~1hQ  OiKveX  river  is  bringing  to 
the  north  shore  of  Nipigon  bay  a  copious  supply  of  gravel  and  the 
accnmulation  of  this  makes  the  delta  of  the  stream  a  prominent 
feature  of  the  present  shore.  The  area  of  the  delta  which  lies  oat 
beyond  the  general  line  of  the  shore  is  probably  about  a  mile  square- 
It  is  dissected  by  the  stream  and  has  a  uniformly  level  ap- 
perance,  any  slope  that  it  may  have  being  exceedingly  gentle.  The 
surface  of  the  delta,  like  that  of  the  Mazokamah  has  the  choracteria- 
tic  parallel  ridge  stractnre  of  the  wave-built  terrace,  and  the  re- 
cent  formation  of  the  outermost  of  these  ridgee  is  very  apparent. 

The  Deltas  of  the  Michiptcoten  and  PicRivers. — At  the  month 
of  the  Michipicoten  there  is  an  extensive  delta  accumulating  re- 
sembling somewhat  in  its  mode  of  development  that  of  the  Kam- 
inistiqaia.  The  portion  of  the  delta  which  is  accessory  to  the  present 
strand  isdne  to  the  continuation  of  the  processes  which  have  been 
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in  operatioD  through  several  higher  stages  of  the  lake.  At  the 
bout  of  the  delta  saoceseive  foeaohes  htive  been  throwa  up  and  in 
turn  have  been  oat  through  by  the  stream.  Tbereisasimilardeltaat 
the  month  of  the  Pic  river  aesocinted  with  which  is  a  long  sand 
beach  of  the  present  shore.  Neither  of  these  dettas  was  examined 
sufficiently  oaref ally  to  warrant  any  farther  statement  regarding 
them.  They  would,  however,  doabtless  well  repay  caretol  atady. 
'The  Delia  of  Brul^- River.— The  embe,yineo.t  of  the  coast  into 
which  the  Bnd6  river  discharges  is  filled  with  a  great  wave-built 
terrace,  the  material  of  which  is  partly  a  delta  accnmnlation  of  the 
stream  and  partly  dne  to  the  lodging  of  shore  drift  shed  from  the 
neighboring  cliffs  to  the  eoath.  These  cliffs  and  the  rocks  throngh 
which  the  stream  is  catting  are  largely  acid  volcanic  rooks  of  the 
nature  of  qaartz-porphyriea,  easily  aasceptibla  of  mechaaioal  dis- 
integration. Aa  they  have  aocnmalated  the  fragments  have  been 
from  time  to  time  thrown  ap  into  storm  beaches  one  in  front  of 
another  till  the  embayment  has  been  filled  oat  nearly  even  with 
the  general  trend  of  the  shore.  It  is  one  of  the  few  cases  of  Bim< 
plifioation  of  shore  line  by  filling  in  on  the  Minnesota  coast 

Wave-Bmlt  Terrace  at  Grand  Marais. — The  small  wave-bnilt 
terrace  at  the  harbor  of  Grand  Marais  is  the  only  one  of  note  on 
the  north  shore  of  lake  Saperior  which  is  ^ot  dependent  apoo  a 
stream  for  its  supply  of  beach  material  A  short  distance  to  the 
northeast  of  the  harbor  is  a  sea-cliff  of  quartz-porphyry  which  ia 
shedding  angular  fragments  of  rook  from  its  face  very  rapidly. 
The  oliff  is  vertical,  and  has  reoeded  betwaen  prominent  points  of 
more  resistant  rook  till  a  distinct  bay  has  been  formed.  At  higher 
stages  of  the  lake  there  has  been  a  similar  supply  of  the  same  ma- 
terial, though  not  all  from  the  same  cliff.  The  detritus  thns  ao-  - 
cnmnlated  has  lodged  at  Grand  Marais,  and  the  formation  of  the 
harbor  at  that  point  is  due  to  the  extension  lakeward  of  this  em- 
bankment in  the  form  of  saccessive  storm  beaches,  till  the  latter 
joined  with  the  rocky  island  shore  on  which  the  lighthoase  stands. 
This  junction  was  effected  by  the  ranning  oat  of  a  spit  from  the 
ahore  till  it  met  the  island.  The  constraotion  of  the  wave-bailt 
terrace  was  begun  at  somewhat  higher  stagra  of  the  lake  than  the 
present;  and  is  doubtless  still  in  progress,  bnt  the  growth  is  on  one 
nde  only  of  the  original  spit,  there  being  no  new  supply  of  beach 
material  within  the  harbor. 

HINOB  FBATDBBS  OF  THE  NORTH  SHOBE. 
There  remain  to  be  noted  as  minor  features  of  the  north  shore 
the  forms  known  as  stacks,  caves,  clefts  and  pot-holes,  and  these 
can  be  disposed  of  in  a  word.     These  features  have  been  foaiid~ 


.oogle 


314  TWSNTIETH  ASSUkh   BEPOBT 

only  along  the  abore  of  the  Keveeoisn  provinoe,  and  in  all  oases 
to  a  very  limited  extent  and  of  exceptional  oooorrenoe.  Stacks  are 
only  (onnd  where  a  portion  of  the  shore,  nsnallj  not  more  than  a 
few  hnndred  yards,  is  ooonpied  by  ezoeptioiially  soft  material  that 
is  yielding  rapidly  to  shore  erosion  to  form  a  small  bay  or  oove. 
The  best  and  most  oharacterietio  stacks  were  observed  between 
Baptism  river  and  the  Saw-teeth,  where  the  rocks  oconpying  ad- 
joining portions  of  the  shore  are  of  very  diverse  character  as  re- 
gards their  hardness  and  ooherenoe. 

Small  caves  a  very  few  feet  in  diameter  are  found  in  the  face  of 
some  of  the  cliffs.  These  are  above  the  water  line,  and  are  not  de- 
veloped by  the  battery  of  shore  drift  against  the  faoe  of  the  oliff , 
as  there  is  no  shore  drift  in  sight;  bat  are  evidently  oansed  prim- 
arily by  some  local  weakness  of  the  rook  which  enables  simple 
wave  action,  assisted  by  the  solvent  power  of  the  water,  to  wear  oat 
the  cavities.  Ordinary  over-arched  shore  oaves  doe  to  the  batter- 
ing of  shore  drift  against  the  base  of  the  cliffs  are'not  fonnd  aloDg 
the  Minnesota  coast,  except  at  the  Palisades,  where  some  fine  odob 
have  been  formed;  and  here  the  battering  prooess  ia  a  small  factor 
as  oompared  with  simple  wave  action  acting  on  the  infinitely  jointed 
porphyry  of  the  cliffs.  These  caves  form  magnificent  archways, 
through  which  one  may  pass  in  a  large  row-boat  with  ease.  [See 
PI.  XL,  Fig.  1.]  Ordinarily,  however,  the  cliffs  are  so  low  that 
the  incision  made  at  their  base  is,  owing  to  bedding  and  jointing 
planes,  carried  to  the  summit,  and  a  distinct  ^.shaped  cleft  in  the 
faoe  of  the  cliff  is  the  resnlL  These  clefts  are  nnmerons  along  the 
Minnesota  shore,  and  there  may  be  seen  almost  invariably  lying  on 
their  sloping  bottom  the  bonlders  and  pebbles  with  which  their 
sculptore  is  effected.  There  is  a  fine  arch  on  the  north  side  of 
Pigeon  point  wroaght  oat  of  coarse  gabbro. 

Pot-holes  are  not  commonly  developed  on  lake  shores.  They  are 
nsnally  the  products  of  stream  Eiotion.  On  one  part  of  the  Minne- 
sota shore,  however,  they  are  distinctly  the  prodnct  of  wave  action, 
and  may  be  observed  in  process  of  formation.  The  place  where 
they  were' observed  is  on  the  shore  abont  two  miles  east  of  the 
month  of  the  Temperance  river.  Here  the  shore  is  occupied  by  an 
amygdaloidal  lava  of  uneven  texture,  which  forms  a  shelving  lake- 
ward  eloping  platform.  In  this  platform  are  numeroos  pot-holes, 
the  deepest  having  a  depth  of  about  four  feet  and  a  diameter  at  the 
month  of  about  three  feet.  In  the  bottom  of  the  pot,  unless  it  is 
very  shallow  nr  has  been  breached,  there  are  always  one  or  more 
hard  erratic  boulders,  which  do  the  work  of  grinding  out  the  hole 
when  set  in  motion  by  the  waves  pouring  over  the  surface  of  the 
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platEorm.  The  boles  are  not  a»  Bymmetrio&l  as  hose  fonned 
b7  BtreBta  action,  bat  there  is  do  esaential  differenoe  betweea  them 
and  the  latter.  It  is  to  be  noted  that  the  rocks  whioh  are  here  bob- 
oeptible  of  hariag  pot-holes  developed  in  them  by  wave  action  also 
afford  in  the  oanon  ol  the  Temperance  river  the  finest,  thoogh  not 
the  largest,  pot-holea  to  b&  seen  in  anyoE  the  streams  of  this  ooaet. 
The  oanon  of  the  river  is  formed  by  a  systematio  series  of  deep 
pot-holes  whioh  have  breached  into  one  another,  giving  the  walls 
of  the  oanon  a  ooncavely  scalloped  form. 

Similar  shore  pot-holes  are  referred  to  by  Agassiz  as  oocorring 
at  cape  Choyye. 

COASTAL  CONTOURS. 

THE  PRESENT  BHDBE  OOJfTOUR. 
Of  the  varions  elements  of  a  coastal  topography  the  shore  oon- 
tonr  is  the  most  constant  and  therefore  perhaps  the  most  essen- 
tial and  important  Other  top(^aphic  elements  may  shrink  into 
comparative  insignificance  and  some  of  them  may  vanish  entirely 
or  may  never  be  developed,  bat  the  shore  line  ia  always  present 
Like  some  other  phenomena  that  belong  to  the  category  of  the  "ever 
present"  it  is  apt  to  be  overlooked  among  the  factors  in  the  total 
effect  which  oonstitntes  the  topography  of  a  coast  The  variation 
in  the  character  of  a  shore  line  is  a  variation  in  qnantity— in  the 
length  of  the  line.  In  gaality  it  is  praotioeJly  unvarying,  there 
being  no  attributes  of  excellence  or  imperfection  by  which  we  can 
qualify  a  description  of  it.  Its  shape  or  form  of  carve  may  be  re- 
garded roughly  as  a  fauction  of  its  length,  being  simple  or  intri- 
cate in  proportion  to  the  extent  of  time  which  traverses  a  circle  of 
a  given  diameter  and  passes  throagh  to  the  center.  The  inoon- 
^ncy  of  direction  of  the  shore  renders  the  possible  variation  of 
the  form  of  the  oontonr  practically  infinita  Thus  the  most  oon- 
stant  featnre  of  a  coastal  topography  may  be  the  most  inconstant 
in  form.  But  notwithstanding  this  variability  there  is  usnally  a 
certain  broad  character  pecaliar  to  the  contour  of  any  shore  devel- 
oped under  uniform  geological  conditions  which,  thoagh  difficult 
of  precise  description,  may  be  distingaished  readily  from  that  of 
an  adjoining  shqre  developed  under  different  geological  conditions. 
This  statement  would  probably  be  difficalt  to  substantiate  in  the 
case  of  very  mature  shores,  bnt  it  is  probably  only  in  exceptional 
cases  where  the  shore  of  a  large  lake  is  aniformly  mature,  and  the 
d^pree  of  maturity  is  largely  dependent  upon  geological  condi- 
tions. 
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WheD  we  consider  the  form  of  the  shore  oontocr  of  the  cortb 
side  of  lake  Snperior  in  its  relation  to  our  four  geological  prorin- 
ces,  we  ore  at  onoe  struck  by  the  pronoaDoed  oharsoter  peonliar  to 
each  proTince.  lo  nope  of  the  other  topogiaphio  features  of  the 
coaet  is  there 'a  more  definite  Euid  nnmistakable  dependence  npon 
strictly  geological  conditions.  The  moment  wb  pass  from  one 
province  to  another  so  soon  do  we  pass  from  one  kind  of  shore 
oontoar  to  another.  This  contrast  of  the  oharaoter  of  the  shore 
contour  can  best  be  appreciated  by  an  inspection  of  a  map  of  the 
lake.  Bat  as  maps  of  lake  Superior  on  a  suitable  scale  for  suofa  a 
comparison  are  not  common,  certain  portions  of  the  shore  are  here 
reproduced  to  illustrate  the  character  of  this  feature  in  the  differ- 
ent proTinees.  [See  Fige.  1,  2  and  3.]  And  here  it  is  well  to  re- 
call the  fact  that  the  apparent  simplicity  of  a  shore  line  as  in- 
terpreted from  a  map  is  in  a  measure  dependent  upon  the  scale  of 
the  map.  Of  the  two  shores  both  mapped  as  simple  lines  one  may 
be  serrate  in  minute  detail  while  the  other  may  be  quite  as  sim- 
ple 88  represented. 

Shore  Contour  of  the  Keweenian  Province. — The  shore  contour 
of  the  Minneeota  coast  from  Doluth  to  Qrand  Portage  is  on  the 
whole  a  remarkably  simple  line.  It  has  the  form  of  a  slack  bow 
conoare  to  the  lake.  Projecting  headlands  and  deep  bays  are  en- 
tirely absent.  Such  salients  and  re-entranta  as  are  worthy  of  note 
are  obtcse  in  form  and  do  not  appreciably  add  to  the  length  of  the 
shore  line.  Yet  in  minute  detail  the  line  is  frequently  sharply 
jagged  and  serrate;  and  there  is  a  marked  absence  of  those  sweep- 
ing sinuous  curves  which  characterize  mature  shores.  Shore  ero- 
sion is  active  in  the  production  of  coves  and  the  whole  tendency  of 
development  appears  to  be,  in  this  adolescent  stage  of  the  shore, 
the  reverse  of  simplifioatiou.  The  present  st^e  of  the  lake  found 
the  shore  without  indentations  and  a  vigorous  beginning  has  been 
made  in  the  work  of  evolving  them  and  in  effecting  a  more  intri- 
cate form  of  shore  contour.  But  it  is  scarcely  more  than  a  begin- 
ning. The  notches,  clefts,  and  ooves  of  the  shore  can  only  be  ren- 
dered appreciable  on  a  very  large  scale  map  and  do  not  affect  the 
genera]  statement  of  the  simplicity  of  the  shore  line  considered  as 
a  whole.  The  shore  contour  of  the  Keweenian  in  the  vicinity  of 
Black  bay  and  between  that  and  Nipigon  bay  is  very  different  from 
that  of  the  Minnraota  coast,  and  the  reasons  for  the  difference  are 
not  fully  understood  as  the  Canadian  distribution  of  the  Kewee- 
nian has  not  been  carefully  examined.  This  moch  is  known, 
however,  that  in  the  latter  district  the  shore  contour  is  intri- 
cate, and  is  further  complicated  by  the  presence  of  great  nam- 
bers  of  islands  lying  off  shore  in  a  fairly  well  defined  belt    The 
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conditions  differ  from  thoBe  on  the  Minnesota  coast  in  the  presefioe 
of  a  greater  mixtare  o(  olastio  rocks  anions  the  voloanio  and  in  the 
greater  abandanoe  of  dykes.  These  differences  do  not  seem,  how- 
ever, to  folly  eujoount  for  the  g;reat  contrast  in  the  topography  oE 
the  two  Keweenisn  Rreaa;  and  the  saggestion  is  strengthened,  that 
the  simplicity  of  the  Minnesota  coast  is  dae  to  the  fact  that  prim- 
arily it  is  B  fault  scarp. 

Shore  Contour  of  the  Animikie  Province. — The  general  trend  of 
the  shore  along  the  front  of  the  Animikie  province  is  not  a  simple 
line.  Deep  narrow  bays  and  prominent  sharp  headlands  prevail, 
and  the  length  of  the  ^ore  line  is  large'  in  {woportion  to  the  ex- 
tent of  the  ooast.  The  scolptnre  which  gave  rise  to  these  bays 
and  points  is  pre^lacostrine  and  the  tendency  of  the  shore  action 
is,  in  contrast  to  that  noted  on  the  shore  of  the  Keweenian  prov- 
ince, towards  simplification.  The  tendency  in  this  direction  is, 
however,  not  strongly  marked  on  aoooant  of  the  resistant  obaraolec 
of  the  extremities  of  the  promontories  which  have  not  yet  been 
appreciably  truncated  at  the  line  of  the  present  stage  of  the  lake. 
See  Fig.  2.  The  tendency  is  chiefly  manifest  in  the  fillii^ 
ap  of  the  heads  of  the  bays.  While  the  shore  contour  of  the  Ani- 
mikie province  is  in  strong  contrast  to  that  of  the  Keweenian  by 
reason  of  these  large  salients  and  re-entrants  there  is  also  a  radi- 
cal difference  in  the  mionte  detail  of  the  shore  contour  in  the  in- 
tervals between  the  points  and  along  those  portions  of  the  shore 
which  are  exempt  from  bays.  There  is  very  little  of  the  sharp 
local  notching  and  clefting  of  the  shore  line  where  the  shore  is 
rocky  and  none  of  it  where  the  shore  is  oocopied  by  shingle. 
Thos  the  shore  contour  of  the  Animikie  province  is  intricate  in  ita 
general  features  but  simple  in  its  minute  details;  while  that  of  the 
Eeweenian  is  simple  in  its  general  features  and  serrate  in  its 
minute  detail.  The  conditions  governing  the  local  trend  of  the 
bays  and  points  along  the  Animikie  front  is  easily  recognizable 
and  there  is  a  prevaibng  parallelism  in  these  features. 

Shore  Contour  of  the  Archman  Province. — The  shore  contoor. 
of  the  Arohesan  province  is  exceedingly  intricate  in  detail.  If  the 
shore  were  represented  on  a  map  of  a  scale  sufficiently  small  to 
obliterate  the  detail,  so  that  it  would  express  merely  the  mean 
trend  of  the  coast,  it  would  be  indicated  by  a  fairly  simple,  obtasely 
zigzag  line  extending  ftoxa  Xipigon  to  Sault  Ste.  Marie.  In  this 
general  and  varying  trend  there  may  Ira  recognized  two  degrees  of 
detail:  (1)  Wide-mouthed  bays  and  broad  or  obtasely  rounded 
headlands  which  indent  the  mean  trend  of  the  shore  to  the  extent 
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of  from  two  to  five  miloB,  and  (2)  a  maoh  more  elaborate  indeota- 
tioQ  of  a  minor  kind,  which  is  the  moat  oharaoteriatic  featore  <rf 
the  shore  of  the  Arohssan.  It  isia  this  minor  indentation  that  the 
shore  oontoar  is  most  intrioate.  It  sives  the  shore,  when  mapped  on 
an  adequate  scale  a  distinct  suture-like  appearance,  to  onderstand 

-  which  it  is  necessary  to  remember  that  the  shore  line  is  prjidnced 
by  the  sabmergenoe  of  a  hnmmocky  or  mammilated  slope.  The 
land  and  water  seem  to  interlock  mach  as  two  bones  of  a  skull  do. 
As  regards  the  major  indentations  of  the  shore  the  controlling  con- 
dition of  their  evolution,  nader  processes  of  pre-lacustrine  erosioD, 
has  doabtless  been  the  variation  in  the  petrographical  character  of 
the  formations  along  the  line  of  the  present  coast  The  green  stones 
of  the  Ontarian  system  of  rocks  seem  to  have  been  more  resistant 
than  the  granite  and  gneLas  of  the  Lanrentian  and  have  in  some 
cases  given  rise  to  headlands.  In  other  cases  one  portion  of  the 
Lanrentian  was  probably  less  easoeptible  to  secular  decay  than 
another  and  so  stands  oat  as  a  promontory.  The  law  oonboUing 
the  evolntion  of  t^e  form  of  the  minor  indentations  is  not  apparent 
It  is  the  same  as  that  governing  the  forms  of  th&rochea  moutonneea 
and  the  hammocks.  In  neither  the  major  nor  the  minor  indenta- 
tions is  there  any  semblance  of  piiraltelism,  the  forms  and  direc- 
tions of  the  bays  and  points  being  exceedingly  diverse  andirrega- 
lar.  In  spite  of  the  excessive  intricacy  of  detail  of  the  shore  oon- 
toar, the  indentations  of  this  line  are  very  rarely  sharply  angular 

'  bat  are  rather  roonded,  twinf;  practically  the  local  partial  contoors 
of  the  hummocks  and  lumpy  rock  masses  of  the  coastal  slope. 
The  present  tendency  of  shore  action  is  towards  the  simplification 
of  the  shore  contour,  but  as  pointed  out  in  another  place,  it  is  only 
feebly  effective  on  account  of  the  smooth  obdurate  character  of  the 
tooky  points  and  the  consequent  scarcity  of  shore  drift  to  fill  in  the 
bays.  A  characteristic  feature  of  the  Archseau  coast  and  one 
which  is  supplementary  to  the  minor  indentation  of  its  shore  line 
is  the  presence  of  the  fringe  of  rocky  islets  lying  close  in  to  shore. 
These  of  course  are  but  the  summits  of  hummocks  and  roches 
moutonnees  which  have  been  so  far  submerged  as  to  be  completely 
encircled  by  water.     See  Fig.  3. 

Shore  coniour  of  the  Potsdam  Province. — The  extent  of  the 
Potsdam  province,  on  the  north  side  of  lake  Superior,  is  bo  limited 
and  so  broken  up  into  isolated  patches  that  any  generalization  as 
to  the  character  of  its  shore  oontoar  would  beof  questionable ralae, 
were  it  not  that  the  same  province  has  an  ezteneive  dbtribation  on 
the  adjoining  south  side  of  the  lake,  nnder  similar  oonditiottB.  The 
shore  oontoar  of  the  province  is  that  of  a  mature  shore.  In  detail 
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it  pTOBentB  Bveepisg  BinQonfl  anrves,  and  the  tew  a&gulariiieB  are 
■pparently  dae  to  the  derelopment  ot  epite,  or  to  the  looal  aeoama- 
Istion  of  cosrae  glacial  debris,  insfaallovwater.  The  eiBaplifioation 
of  the  ahore  line  is  far  advanced,  although  there  are  some  email 
bays  withoat  apparent  bars  acroBs  their  entrance.  Such  bays  are, 
hoveTer,  very  shallow.  The  general  trend  of  the  shore  line  is  ir- 
legalar,  and  has  no  dominant  direction  tor  the  reason  that  the 
geological  province  is  geoKraphioaUy,  if  not  geologically  made  up 
of  oatliera  of  the  more  extensive  formation  of  the  same  rooks  on 
the  eonth  aide  of  the  lake. 

THE   HILL  00NT0UB8. 

loaamnch  as  the  topography  of  the  coast  ia,  in  its  broad  features, 
eseentiBlly  {H^Iacnstrine,  the  shore  oontoar  is  only  a  special  case 
of  the  hill  contonrs;  and  onr  consideration  of  this  special  case 
uticipetea,  in  some  degree,  an  account  o£  the  more  general  coo- 
(oora  of  the  ooastal  slope.  These  contonrs,  as  they  woold  appear 
OD  a  topographic  map,  are,  qaite  aa  maoh  as  the  shore  oontonr, 
cbaraoteriatio  for  each  province.  In  the  Keweenian  province  the 
hill  oontoora,  inland  from  the  brink  of  the  shore  cUfFs,  are  prevail- 
iogly  long  aweeping  lines,  nsaally  uniformly  spaced  for  a  oonatant 
TOTtioal  intervaL  On  a  map  closed  curves,  indicating  isolated 
hills,  wonld  not  be  nnmerona,  and  only  in  a  very  few  cases,  such  as 
at  Carlton  Peak,  wonld  they  approximate  a  circular  form.  These 
hill  contonrs  wonld  not,  however,  have  the  aame  constancy  of  trend 
u  that  evinced  by  the  shore  oontonr  of  the  present  strand.  This 
comparison  of  the  shore  oontoar  with  the  hill  contours  brings  into 
promineooe  the  fact  that  at  none  of  the  higher  stages  of  the  lake 
has  the  shore  of  the  Keweeniau  province  l>een  so  simple  a  line  as 
it  presents  for  the  existing  strand.  Many  ainnousities,  bays  and 
headlands  characterized  the  shores  of  the  earlier  stages  of  lake 
Saperior  along  this  portion  of  the  coast. 

In  the  Animikie  province  the  hill  oontoars  wonld  for  the  most 
part  ^ow  a  prevailing  parallelism  with  the  shore  oontonr,  but  with 
a  greater  amount  of  indentation.  The  prevalence  of  mesa  scarps 
and  dykes  wonld,  as  compared  with  the  Keweenian  coast,  neoessi- 
tste  a  great  crowding  together  of  oontonr  lines;  while  on  the  tops 
of  the  mesas  the  same  vertical  intervals  would  be  widely  spaced. 
In  their  trend,  also,  these  contours  would  show  sudden  bends  and 
sharp  angularity,  features  which  contrast  with  the  gentler  curves 
nf  the  Keweenian  province.  Closed  curves  wonld  be  even  more 
exceptional  than  in  the  Keweenian,  but  would  occur  in  the  case  of 
iaoUted  mesas  similar  to  Pie  island. 
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Id  the  ArohsBan  provinoe  the  hill  oontonrs  are  very  diBtinot  bom 
those  of  either  the  Keweeoiui  or  Animikie  provinoes.  Whatevei 
general  parallelism  they  may  hare  with  the  preseot  shore  is  ob- 
scured by  their  great  irregularity.  The  hammooky  ohsraoter  of 
the  ooantry  would  give  rise  to  a  great  abmidaiice  of  closed  onrves 
in  coDtoors  of  small  interval,  and  these  would  oonatantly  ^tproxi- 
mate  (nroolor  and  oval  forma.  The  majority  of  the  oootonr  lines 
wonld  be  exceedingly  serpeotiDe  in  character,  or  satnre-Iike  as  in 
the  case  of  the  present  shore.  For  the  same  interval  they  would 
not  be  so  uniformly  spaced  as  in  the  Eeweenian  province,  nor 
wonld  they  ever  be  so  oneqaally  spaced  as  in  the  mesas  of  the 
Animikie. 

In  the  Potsdam  provinoe  the  oontonrs,  even  of  very  small  inter- 
val, wonld,  on  a  map,  be  few  in  namber,  widely  spaced,  and  sisn- 
onsly  straggling  as  is  asaal  in  nearly  flat  tracts. 

COASTAL  PROFILES. 

Those  elements  of  the  coastal  topography  which  .are  be^t  ex- 
pressed by  profiles  evince,  as  has  been  already  remarked,  a  very 
striking  dependence  on  geological  conditions;  and  the  profiles  in 
each  provinoe  are  characterietio  for  it  to  a  remarkable  degree. 
The  petrographioal  and  stmotoral  featnres  of  the  foor  provinces 
find  very  distinct  expression  in  the  form  of  the  coastal  slope. 

The  possibilities  of  variation  in  a  topographic  profile  are  seem- 
i^Sly  great.  As  a  matter  of  fact,  however,  there  is  bnt  a  limited 
namber  of  types  of  profile  actually  met  with  in  the  inequalities  of 
the  earth's  surface;  and  nothing  would  startle  the  geologioal  eye 
more  than  to  meet  with  certain  profiles  which  are  mathematically 
possible,  and  easily  conceivable,  but  which  are  not  developed  by 
geological  ^encies. 

It  is  not  proposed  here  to  enter  upon  a  disonssion  of  these  typea 
of  profile  in  general,  bat  a  tew  may  be  enamerated  as  of  dominant 
ooonrrence  in  lake  Superior  topography.  For  the  sake  of  con- 
venience the  writer  will  take  the  liberty  of  specifying  those  differ- 
ent types  of  profile  by  definite  names,  some  of  which  are  in  com- 
mon ase. 

The  Dip  Profile— in  which  the  slope  is  definitely  conditioned  by 
the  dip  of  inclined  strata.  This  profile  is  common  as  a  portion  of 
anticlinal,  synclinal  or  monoolinal  struotares,  and  is  of  frequent 
ooonrrence  where  the  fall  structure  ie  not  revealed.  It  also  con- 
stitutes portions  of  the  full  profile  of  many  tilted  orc^rapbic 
blocks. 
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The  FUU  Profile — in  which  the  vertical  element  is  Tery*inBig- 
nifioant;  oommon  in  Trndistorbed  horizontal  strata,  the  tipper  beds 
of  which  are  not  mnoh  above  the  local  baae  level  of  erosion.  This 
woald  of  course  inolode  base  level  plains  of  deposition.  The  same 
profile  may  also  be  found  in  base  level  plains  bt  erosion. 

The  Mesa  Profile — in  vhioh  the  vertical  and  horizontal  elements 
an  nearly  equally  efFeotive  and  are  manifest  in  the  profile  as  aot- 
nal  vertical  and  horizontal  lines  respectively.  Most  common 
where  table  lands  are  wholly  or  partially  ciroamacribed  by  cliffs 
of  differential  degradation. 

The  Strike  Profile — the  outline  of  a  section  of  inclined  strata 
taken  parallel  to  the  strike  of  the  rooks.  Theoretically  the  profile 
is  characterized  by  a  dominant  horizontal  line.  In  reality  the 
horizontal  line  is  usually  interrupted  and  indented  by  features  due 
to  uneven  erosion. 

The  Biver  Tretich  Profile— the  profile  across  a  line  of  drainage, 
nanally  representing  a  distinct  trench,  the  form  of  which  varies 
woording  as  the  drainage  is  new  or  old — juvenile  or  senile — from 
the  sharp  Y-shape  of  a  mountain  caAon  to  the  broad  fiat-bottomed 
valleys  of  a  base-leveled  plain.  On  lake  Superior  the  latter  of 
these  extremes  is  never  found.  With  reference  to  their  present 
base  level  all  the  streams  are  young  and  are  actively  cutting  trench- 
es. But  they  are  mostly  small  and  the  cafions,  with  one  or  two 
exceptions,  such  as  that  of  the  Pigeon,  below  the  falls,  and  the 
Kaministiquia,  below  the  falls,  are  not  imposing. 

The  Precipice  Profile — in  which  the  vertical  element  is  greatly 
in  excess  of  the  horizontal,  and  which  lacks  the  flat  top  of  the  mesa. 
The  forms  which  give  this  profile  may  be  developed  in  a  variety  of 
vays.  It  may  be  part  of  the  fallen  but  not  wholly  revealed  profile 
of  many  sea-cliffs.  It  is  common  in  the  forms  resulting  from 
stream  erosion  and  along  fault  lines. 

The  Dyke  Profile— uaueilj  the  profile  of  a  sharp  ridge  with  a 
definite  approximation  to  verticality  on  both  sides,  resembling  two 
precipice  profiles  back  to  back.  ^Frequently  on  lake  Superior  the 
vertical  aspect  of  the  profile  is  diminished  by  the  adherence  to  the 
Hides  of  the  dyke  of  indurated  portions  of  the  country  rock  inter- 
sected by  it 

The  Summock  Profile — characteristic  of  the  forms  resulting 
from  the  gradual  decay  of  massive  crystalline  rooks;  very  common 
in  Andifean  terranes  where  this  character  of  surface  now  prevails, 
and  also  prevailed  prior  to  the  deposition  of  the  earliest  Falteozoio 
strata,  although  evidence  of  secular  decay  of  the  pre-Palceozoio 
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earttmib  is  ezoeedingly  meagre.  Botnndity  is  tbe  ohief  chBrsoter- 
Utio  of  the  hammockB  so  that  convex  coireB  mark  their  profile. 
Tbe  arrangement  of  the  hammooke  with  reference  to  one  another 
18  very  irregnlar  bo  that  no  two  neighboring  profiles  ezaatly  agree, 
although  the  general  charsoterietio  is  never  lost. 

The  Talus  Profile — the  slope  of  repose  of  angnlar  fr^menta 
of  rock;  common  on  certain  parts  of  the  coast  of  lake  Superior  bnt 
always  snbordinate  to  more  important  profiles,  aBnally  that  of  tbe 
mesa;  never  a  dominant  profile  as  in  the  case  of  cinder  cones. 

All  of  these  profiles  may  t>e  obseTred  on  the  coast  of  the  norUi 
side  of  lake  Superior.  Other  types  also  exist,  bat  it  is  beliered 
that  they  are  of  minor  importance  for  the  porpose  of  this  discoB- 
sion,  which  does  not  pretend  to  be  exhaoatiTe.  Some  of  these 
types  may  exist  alone  or  in  combination  with  others;  while  some 
exist  only  in  combination.  They  may  be  regarded  as  primary 
profiles  or  of  prime  importance  in  giving  character  to  the  topo- 
graphy of  the  coast,  being  the  repnlta  of  sculptare,  nndec  variona 
geological  conditions,  of  the  beveled  edge  of  the  rocky  plateau 
which  limits  the  lake  basin. 

Thrae  primary  profiles  are  frequently,  however,  locally  modified 
by  the  imposition  upon  them  of  secondary  profiles  due  to  former 
lacustrine  action.  These  seoonderyor  modifying  profiles  are  those 
of  the  various  shore  embankments  end  terraces  which  have  been 
developed  at  stages  of  the  lake  higher  than  the  present.  And  it  is 
these  modifications  of  the  coastal  topography  to  whioh  special 
attention  is  directed  in  tbe  sequel.  Bat  first  a  brief  comparison 
will  be  instituted  between  the  primary  profile  of  tbe  different 
geological  provinces. 

Independently  of  their  topographic  character  the  profiles  of  a 
coast  may  be  claasified  according  to  tbe  direction  in  which  they 
are  taken  with  reference  to  the  'trend  of  the  coast  as,  (1)  the 
parallel  profile  and  (2)  the  transverse  profile.  The  topographic 
type  which  these  two  directions  of  profile  exhibit  in  tbe  difFereut 
geological  provinces  will  now  be  briefly  stated. 

THE   PABALI^L   PROFILE. 

The  Keweenian  Province. — The  parallel  profile  of  the  £ewee- 
nian  province  is  characterized  by  the  dominance  of  those  special 
types  of  profile  which  have  been  designated  the  "  strike  profile," 
modified  by  the  "river  trench  profile."  Generally  speaking,  the 
strike  of  the  rocks  is  parallel  to  the  shore,  and  a  general  section 
through  the  coast  close  to  the  shore  line  and  parallel  to  it  would 
show   a  long  approximately   horizontal  line  notched  by  str 
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trenches  and  the  deeper  ooTes  of  the  shore.  The  vertical  distuioe 
betveeD  the  level  of  the  lake  and  the  line  of  the  profile  tronld  be 
comparstiTely  small,  bnt  wonld  increase  in  proportion  as  the  line 
of  seotton  was  taken  more  and  more  remote  from  the  shore. 

The  Animikie  Province. — In  this  provinoe  a  section  of  the  coast 
parallel  to  the  mean  trend  of  the  shore,  or  rooghly  coincident  with 
it,  would  show  in  the  western  part  a  prevailing  series  of  "  dyke 
profiles,"  and  in  the  more  eaetern  part  very  pronoonoed  "  mesa 
pn^ee."  The  dykes  are  on  a  grand  soale,  and  aa  they  form  the 
axes  of  eeveral  of  the  long  points  which  condition  the  bays,  they 
appear  to  advantage  in  a  section  acroes  these  bays,  thoogh  cutting 
tham  obliquely.  Many  of  these  great  dykes,  though  rising  in  pre- 
dpitons  ridgee,  some  nearly  a  thonsand  feet  in  elevation,  have  con- 
siderable masses  of  the  adjacent  coantry  rook  adhering  to  their 
sides,  while  others  have  lost  this  and  rise  shear  from  the  water. 
This  prominent  dyke  topogr&phy  is  practically  absent  in  the 
Eeweenian,  except  at  a  few  localities,  of  which  the  vicinity  of  the 
S&ff-teeth  is  the  most  notable.  The  horizontal  line  of  the  mesa 
profiles  differs  from  the  same  line  in  the  strike  profiles  of  the 
Keweenian  in  the  greater  vertical  interval  between  it  and  the  lake 
level,  and  also  in  the  fact  that  this  interval  is  practically  constant, 
however  remote  inland  the  section  may  be  taken.  A  marked  char- 
acterisiic  of  the  coast  of  the  Animikie  province,  also  which  appears 
in  this  profile,  is  the  talus  profile,  sabsidiary  to  that  of  the  mesas. 
In  none  of  the  other  provinces  do  these  talus  slopes  appear. 

The  Archcsan  Province. — The  characteristic  parallel  profile  of 
the  coast  of  the  Archeean  province  is  that  of  the  hummock,  and 
does  not  differ  essentially  from  the  transverse  profile  given  in 
generalized  form  in  Fig.  6,  except,  that  in  a  section  coinciding  with 
the  mean  trend  of  the  shore,  it  would  be  broken  by  intervening 
stretches  of  water. 

The  Poiadam  Province. — In  this  province  the  parallel  profile  is 
that  designated  as  the  "  flat  profile,"  and  is  somewhat  similar  to  the 
strike  profile  of  the  Eeweenian.  It  wonld  differ  from  the  latter 
in  being  closer  to  the  line  representing  the  lake  level  and  in  being 
more  nearly  horizontal,  or  so  lowly  arohed  as  to  be  sensibly  hori- 
aintal,  and  would  be  free  usually  from  the  interruptions  due  to  the 
stream  trenches  and  sharp  coves  of  the  Minnesota  coast. 

THB    TBANSVEBBE    PBOFJLK. 

The  Ketoeenian  Province. — If  one  leaves  out  of  consideration 
the  hummooky  gabbro  hills  of  Duluth,  which  are  of  limited  ex- 
tent,  the  transverse  profile  of  the  Minnesota  coast  is  oharacterui- 
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tioally  the  "dip  profile"  in  oombinatios  with 
which  at  the  water's  edge  is  a  "preoipioe  profile," 
where  the  slope  of  the  ooaat  breaks  away  shear. 
There  is  a  nnifonn  and  oopstant  lakeward  dip  of  i 
the  bedded  Tdoanlo  flowa  aud  injected  aheets  ot  \ 
which  the  series  is  composed,  aad  the  slope  of  \ 
the  coast  is  clearly  conditioned  by  this  dip.  At 
a  tew  places  along  the  oonst  the  underlying 
basement  npon  which  the  Keweenian  rests 
emerges  in  the  beantifnlly  roanded  hammocks 
so  characteristic  of  the  ArobEean  teiraoea,  bat 
these  are  so  limited  in  extent  that  they  do  not 
affect  the  character  of  the  profile  except  in  one 
case.  This  is  at  Carlton  peak,  where,  at  a  dis- 
tance of  something  less  than  two  miles  from 
shore,  a  hoge  dome  of  the  underlying  basement 
roiA  projects  throagh  Keweenian  strata  and  gives 
its  character  to  a  portion  of  the  profile.  To  ibe 
Boathwest  of  Carlton  peak,  also,  a  heavy  sheet 
ot  ooBTse  gabbro,  several  hundred  feet  in  tbiok- 
nesB,  probably  the  remnant  ot  a  great  intruded 
sill,  rests  npon  the  Keweenian,  flows  and  has  a 
dip  conformable  with  them,  giving  the  appear- 
ance ot  a  tilted  mesa  with  a  great  soa^p  facing 
the  northwest,  and  a  less  prononnced  mesa  edge 
facing  the  lake.  Other  localities  where  the 
oharacteristic  "dip  profile"  is  notably  deviated 
from  are,  in  the  vicinity  of  the  Saw-teeth,  where 
there  are  important  irraptive  masses,  intersect- 
ing the  Keweenian;  at  Farquhar's  knob,  a  ridge 
whoee  Btmotnre  haa  not  been  investigated;  at 
Beaver  bay,  where  there  ia  some  topography  of 
the  mes^  type;  and  at  Qrand  Marais  where,  to 
the  west  of  the  harbor  there  is  alao  a  mesa  ridge 
and  to  the  northeast  a  moranic  aoonmalation. 
The  precipitouB  termination  of  the  coastal  slope, 
near  the  shore  varies  somewhat  in  character. 
Where  the  rock  is  a  single  mass  from  the  water's 
edge  to  the  top  ot  theclitt,  it  is  osnally  almost 
or  gnite  vertical,  as  at  the  Palisadea  where  the 
cliffs  have  their  maxiom  elevation  of  210  feet 
Where  the  cliG  is  composed  ot  different  atrata  it 
is  frequently  step-like  in  character. 
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The  tranBveree  profile  ot  the  Minneeota  coast  is  frequently  mod- 
ified by  the  presence  o{  embankmeiitti  and  terraces  of  the  ancient 
etrands  of  the  lake  and  it  is  probable  that  were  the  timber  re- 
moved this  modification  would  prove  to  be  maoh  more  extensive 
and  important  than  can  at  present  be  recognized. 

The  Animikie  Province. — The  transverse  profile  of  the  coast  of 
the  Animikie  province  is  characteristically  that  of  the  mesa,  oanal- 
ly  with  the  sabsidisry  tains  profile,  bnt  sometimes  withont  it. 
The*  dyke  profile  is,  however,  not  uncommon  in  the  same  part  of 
the  coast  where  it  appears  in  the  parallel  profile.  In  the  valley  of 
the  Kaministiqoia  the  transverse  profile  is  exceptioual,  as  will  be 
onderstood  from  what  has  been  said  of  the  development  of  the 
delta  of  that  stream  in  a  former  part  of  this  paper.  At  Fort 
Arthur  a  trap  sheet,  auoh  as  nsaally  forms  the  cap  of  the  mesBSi 
dips  towards  the  lake  and  passes  beneath  it,  and  there  is  other 
evidence  of  local  disturbance  so  that  the  profile  here  is  abnormal 
It  is,  however,  more  effectively  modified  here  by  the  embankments 
of  the  former  strands  of  the  lake  than  is  nanally  the  case.  Towards 
the  head  of  Thonder  bay  the  transverse  profile  crosses  both  the 
Animikie  formations  and  the  ouderlying  Archcean,  which  emergee 
from  beneath  it,  and  the  profile  is  correspondingly  complex. 

The  Archcean  Prtyvtnoe. — Tbroaghoat  the  coast  of  the  Archsean 
province  the  hnmmock  profile  prevails  in  seotionB  transverse  to  the 
coast  as  in  those  parallel  to  it  The  exceptions  are  few  and  are  quite 
local.  Where  the  coast  is  coincident  with  the  strike  of  the  schis- 
tose rooks,  however,  the  hnmmook  profile  is  combined  sometimee 
with  the  precipice  profile,  and  also  at  some  few  localities  where 
sea-cliffs  have  been  developed  in  massive  rocks.  Two  of  the  ex- 
ceptions  to  the  general  hnmmock  profile  are  of  special  interest  In 
the  profile  of  the'  coast  to  the  east  of  Boasport  there  are  places 
where  a  very  distinct  precipice  appears  with  a  shelf  at  its  base, 
not  immediately  at  the  shore,  bat  at  some  little  distance  from  it 
Beating  at  the  base  of  the  cliff  are  small  ontliers  of  the  Keweenian 
lavs  flows,  in  place,  showing  clearly  that  the  cliff  is  pre-Keween< 
ian  in  date.  Other  portions  of  the  hammooky  slope  of  the  north 
coast  of  the  lake  have  small  outliers  of  snoh  volcanic  rocks  and 
also  of  Keweenian  sedimentary  rocks  which  locally  modify  the 
profile  to  a  minor  extent. 

The  second  exception  is  also  of  exceptional  occurrence.  It  occurs 
where  the  line  of  profile  oroBses  some  of  the  numerous  trap  dykes 
which  intersect  the  Arclieean  of  this  coast  Very  frequently  these 
dykes  have  disintegrated  much  more  rapidly  than  the  adjoining 
country  rock  so  that  the  spaces  formerly  occupied  by  them  are  now 
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sharp  troaohes  oE  reotangaUr  BBotioa.  Id  short  ^the  bammook 
profile  ia  modified  by  the  presBBoe  of  what  may  fairly  be  termed  a 
wgative  dyke  profile. 

The  Poiadam  Province. — The  traQarerse  profile  ia  here  again 
the  flat  profile  oE  low-lying  audUtarbed  strata.  Within  the  limits 
of  what  may  fairly  be  termed  the  coast,  however,  we  pass  from  the 
Potsdam  to  the  Arohsaan  and  the  two  types  of  profile  wonld  oom- 
monly  appear  in  oombinaticm. 

THE   ABANDONED  8TBANDS'. 

Considered  as  pnrely  topographio  features  the  abandoned  strands 
of  the  north  side  of  lake  Superior  appear  most  prominently  in  the 
transverse  profile,  as  modifications  of  the  primary  coastal  slope. 
This  modification  of  the  profile  is  only  of  local  ooonrrenoe  and 
therefore  topographically  not  of  great  importance.  Many  extenaiTd 
portions  of  the  coast  might  be  passed  in  review  withont  a  snspioion 
being  raised  in  the  mind  of  the  observer  of  their  having  served  aa 
a  saoceeaion  of  shore  lines.  The  strictly  topographio  interest  is 
therefore  quite  subordinate;  and  it  is  only  when  we  begin  to  take 
cognisance  of  the  variona  and  wonderfol  physiographic  changes 
which  have  conditioned  the  different  stages  of  the  lake  that  the 
real  interest  begins.  The  shore  topography  on  the  hill  sides,  eveo 
IE  it  were  far  more  oontinnous  than  it  is,  is  but  the  registration  of 
the  former  existence  of  conditions  and  activities  other  than  thoae 
of  the  present,  and  it  is  the  possibility  of  acquiring  clear  ooncep- 
tions  of  these  vanished  conditions  that  gives  zest  to  the  inqoiry. 
The  nearness  of  this  wondertally  different  state  of  affairs  to  the 
present  and  its  evident  gradation  into  normal  familiarities  of  oar 
own  day  give  the  chase  for  tbe  facts  even  a  dash  of  excitement;  so 
realistic  is  the  picture  of  the  geologic  yesterday,  conjured  up  by  the 
contemplation  of  beaatifnlly,  perfect  shingle  beaches  and  terraces, 
one,  twd,  three,  four,  five,  and  six  hundred  feet  in  the  air. 

But  even  this  interest,  strong  as  it  is,  has  been  made  subordin- 
ate by  the  writer  to  another.  The  chief  object  in  the  inquiry  has 
been  to  endeavor  to  ascertain  by  a  careful  series  of  measorements 
whether  the  old  strand  lines  of  the  lake  have  maintained  their  or- 
igiual  horizontality  or  have  become  warped  and  tilted  as  in  the 
case  of  the  shore  lines  of  lake  Agassiz  and  lake  Iroquois.  With 
this  object  iu  mind  it  was  clearly  recognized  at  the  outset  that  it 
would  be  hopeless,  owing  to  the  merely  local  development  of  shore 
features,  to  settle  the  question  by  attempting  to  trace  out  oontina- 
Dusly  any  single  strand  Hoe  or  any  set  of  such  lines.  It  was,  how- 
ever, believed  that  the  strands  of  different  vertical  series  could  be 
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ODTrel&ted,  unless  there  had  been  rather  complex  moTemente,  by 
earetnlly  oomparing  tbe  intervals  between  them.  Whether  the 
shore  lines  had  been  tilted  or  not,  the  interval  between  them  voold 
be  oonstant,  provided  always  that  any  tilting  that  might  have  oo* 
curred  was  sabseqnent  to  the  abandonment  of  the  lower  of  the  aei 
of  strands  considered. 

In  order  to  effect  snofa  a  oorrelation  the  most  aoonrate  possible 
data  were  ueoeeeary,  and  steps  were  accordingly  taken  to  ascertain 
the  elevations  of  the  varioos  features  indicative  of  shore  lines  by 
precise  engineering  methods.  I  was  accompanied  throughout  the 
eiplofation  by  Mr.  Louis  A.  Ogaard,  who,  assisted  by  Mr.  Fred 
Eiehle  as  rodman,  carried  linea  of  levels  from  the  shore  to  the  rar- 
iona  points  designated  by  me  in  any  series  of  beaches  and  ter- 
tsoes,  using  a  Y  level  carefully  adjosted  from  time  to  time.  The 
figarea  given  in  deBoriptire  notes  which  follow  and  in  the  table  are 
the  figures  from  his  level  book,  and  the  writer  vouches  for  the  pains- 
taking care  with  which  this  instrumental  work  wEts  done.  In  these 
figtues  the  decimals  are  not  dropped  for  two  ressons.  (1)  The 
figmree  do  not  represeut  always  the  actual  level  of  the  water.  The 
isest  of  a  beach  is  alwaya  above  the  level  of  the  water  line  at  which 
it  is  formed;  the  rear  of  a  terrace  may  be  sometimes  above  the  ao- 
tosl  water  line  and  occasionally  it  may  be  below  it,  so  that  in 
nearly  all  cases  a  oorreotion  has  to  be  made  tot  the  actual  water 
level.  The  amount  of  this  oorreotion  is  never  definitely  known 
so  it  has  been  thought  best  not  to  apply  it,  but  to  give  the  figures 
for  the  actual  observation.  In  this  ooonection  it  ie  well  to  note 
that  many  of  the  apparent  discrepancies  in  strand  lines  which  are 
correlated  in  the  table  are  doubtless  due  to  the  varying  value  of 
this  oorreotion.  On  the  present  shore  the  crests  of  living  beaches 
facing  tte  open  lake  were  frequently  measured  at  all  elevations 
betwen  9  and  14  feet  al>ove  calm  water.  In  less  exposed  ports  of 
the  shore  they  usually  did  not  exceed  6  feet  in  bight.  Again,  the 
base  of  a  sea-cliff  is  commonly  one  or  two  feet  above  the  calm 
water,  though  oooaeionally  it  coincides  with  tbe  lake-level  closely, 
and  the  rear  of  terraces  forming  at  the  months  of  streams  is  usuol- 
\j  below  the  lake-level.  (2)  The  second  reason  for  giving  the 
actual  figures  of  the  level  book  is  that  in  a  great  many  oases,  par- 
ticalorly  with  reference  to  beaches,  it  was  found  to  be  entirely 
possible  to  determine  the  elevations  accorately  within  a  fraction 
of  a  foot,  so  sharply  horizontal  are  these  features,  and  there  seems 
to  be  no  good  reason  for  giving  figures  less  accurate  than  were  ob- 
tunable.  It  will  be  understood  then  that  the  figures  given  do  not 
teineaent  precisely  the  actual  water  levels,  but  simply  the  eleva- 
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tion  of  shore  features  developed  at  the  varionB  stages  friMn  whioh 
the  actual  water  levels  may  be  inferred,  within  oeiiain  considna- 
ble  limits  of  error. 

Before  discossiog  the  data  obtained  by  the  inquiry  or  formoUt- 
ing  any  generalizations  it  will  be  well  to  first  become  familiar  with 
OUT  faote,  and  to  this  end  a  brief  descriptive  acooont  is  given  of 
the  varioas  series  of  strand  lines  observed  on  the  coast.  The  re- 
snlts  of  the  levelling  also  are  sammarized  in  the  table  at  the  oloee 
of  the  descriptive  notes.  In  these  notes  the  word  series  and  the 
namber  attached  to  it  has  the  same  signifioanoe  as  in  the  table. 
The  Boman  nomerals  also  refer  to  the  table.  The  table  is  expres- 
sive of  a  correlation  which  is  discossed  in  the  pi^es  which  follow  it. 

DESCRIPTIVE  NOTES. 

Series  1. — Duluth  West. — On  the  hills  of  the  city  of  Dolsth  a 
very  clear  aqd  excellent  registration  of  some  of  the  higher  stages 
of  the  lake  may  be  observed.  The  city,  as  is  well  known,  is  being 
bnilt  apon  the  steep  lakeward  slope  of  a  massive,  ronnded  range 
of  coarsely  crystalline  gabbro,  which  within  the  city  limits  rises 
to  an  elevation  of  probably  800  feet  above  the  present  level  of  the 
lake.  On  the  upper  portion  of  this  slope  the  topt^^phy  is  such 
that  it  has  been  found  a  convenient  and  easy  matter  to  oonatmot, 
w  part  of  the  general  embellishment  of  the  city,  a  magnificent 
carnage  drive  around  the  brow  of  the  hill.  This  carriage  drive 
follows  a  contour  line  at  an  average  elevation  of  perhaps  470  feet, 
and  is  known  as  the  Lake  View  terrace. 

It  requires  bat  a  cursory  inspection  to  see  that  the  particular 
phase  of  the  topography  which  has  suggested  and  made  ^asy  the 
oonstmction  of  this  Lake  View  terrace  is  due  to  the  impoaing  upon 
the  steep  and  rocky  hill-side  of  a  feature  which  has  been  developed 
along  a  former  shore  line  of  the  lake.  This  feature  consists  of  a 
pronounced  netnral  terrace  or  shelf  facing  the  open  lake.  It  varies 
oousiderably  in  width,  being  narrow  where  it  rounds  the  shooldera 
of  the  hills  and  widening  out  very  much  in  the  bays  and  recesses.  It 
has  a  gentle  but  constant  slope  lakeward,  and  ends  rather  abruptly 
on  its  outer  edge,  dropping  away  into  the  general  steep  slope  of 
the  hill.  The  back  of  the  terrace  is  limited  usually  by  the  rounded 
glaciated  forms  which  characterize  the  upper  portion  of  the 
gabbro  mass.  These  rounded  forms  at  the  back  of  the  terrace  are 
in  places  replaced,  however,  by  vertical  cliffs  of  gabbro  with  large 
blocks  which  have  fallen  from  its  face  scattered  about  the  rear  of 
ihe  terrace  and  partly  imbedded  in  it.    This  vertioal  face  of  rook 
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with  itB  talus  of  angalar  blocks  represents  nndoabtedly  a  "eea- 
cliff"  and  is  like  the  terrace  a  product  of  shore  action.  An  ex- 
ample of  snob  a  sea-cliff  may  be  seen  near  the  apper  end  of  Ninth 
At&  West    [See  PI.  VIII.  Fig.  1.J 

The  material  of  which  the  terrace  is  built  consists  of  surf-rolled 
boulders,  pebbles,  gravel  and  sand.  The  arrangement  of  this  ma- 
terial is  well  seen  in  the  outs  which  have  been  made  at  a  few 
poiots  in  the  constrnctioh  of  the  drive.  In  the  out  at  {he  apper 
end  of  Ninth  Ave.  W.  about  150  feet  in  front  of  the  sea-cliff 
jnBt  mentioned,  the  terrace  has  been  sunk  into  so  as  to  afford  a 
tertioa!  section  of  9  feet  The  lower  6  feet  of  this  section  show 
diarplj  bedded'gravel  and  sand  with  oecsasional  boulders  up  to 
one  foot  in  diameter.  [See  PI.  X,  Fig.  2.  j  The  apper  3  feet  of 
the  section  although  composed  of  the  sams  materials  is  not  dis- 
tinctly bedded,  but  this  obsonrstion  of  the  stratification  may  be 
dne  to  the  action  of  vegetation.  The  strata  intersect  the  vertical 
plane  of  the  section  usually  in  quite  horizontal  lines.  At  the 
Bonth  end  of  the  cut,  however,  oblique  bedding  of  alternating 
wedges  of  gravel  and  sand  is  well  seen,  the  dip  of  these  beds  being 
25  degrees  and  lees. 

The  relations  of  the  various  factors  of  the  topography  at  the 
bead  of  Ninth  Ave.  W.  is  illustrated  in  the  diagrammatic  sec- 
tion. 


-X~'\''C'y  '^^'^•.■>^'-«--<^-^'  Scale,  iini-iosft. 

FiK.e-  SecttoDattheheadotl^QthAve.  W..Duluth.  Elevation  or  terrace,  tTSfeet. 
The  rear  of  the  terrace  is  front  of  the  sea  cliff  was  found  to  be 
475.9  feet  above  the  lake  (XXIX).  The  structure  of  the  terrace 
shows  that  while  primarily  it  is  a  trave-cut  feature,  the  cut  shelf  of 
roek  and  the  slope  below  it  is  covered  with  current-sorted  material 
iriiidi  wae  probably  brought  down  by  minor  drainage. 
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EvideDoe  o(  shore  lines  at  lower  levels  in  the  western  part  ol 
Dnlnth  were  not  satiefaotorily  observed,  althoagh  they  will  prob- 
ably be  found  if  looked  for  on  the  slopes  between  Dolath  and  Fond 
da  Lno. 

At  a  higher  level,  however,  there  is  a  f^at  beaob  which  Bpatu 
an  embayment  in  the  bill  front  and  stretches  ojntinaonsly  between 
the  two  shonlders  oE  rook  whioh  are  at  the  head  oE  Sixth  and 
Eighth  AVea.  W.  respectively.  The  Seventh  avenae  ioolined 
railway,  whiob  was  ander  oonstraolioD  at  the  time  the  examination 
was  made,  terminstee  on  this  beach,  the  oreat  of  whioh  was  fonnd 
to  have  bd  elevation  oE  534  feet  (XXXI).  The  presence  of  the 
beach  is  clearly  revealed  by  the  topography  whioh  itimpoaes  apon 
the  hillaida  The  contrast  with  the  unaffected  portions  of  the  hill 
IB  striking.  The  borizontalit;  of.  the  foeaoh  orest  is  the  featarn 
which  first  attracts  attention,  the  loogitadinal  profile  of  the  beaoh 
with  the  rook  on  either  side  tteiog  not  nnlike  that  of  the  npper 

half  of    a  dumb-bell,    thns -^.     The    transverse    profile 

shows  the  charaotetistio  andnlatory  front  slope  of  shingle  beaohee, 
the  descent  being  by  a  saocession  of  rounded  steps.  The  same 
profile  shows  also  a  well  marked  lagoon  hollow  behind  the  beecb. 
The  ground  plane  shows  that  this  Isgoon  hollow  is  entirely  in- 
closed by  the  straight  beach  in  front  and  by  the  rooky  slopes  of 
the  hill  on  the  sides  and  in  the  rear,  so  that  the  contour  of  its  rim 
is  r.>ughly  of  the  form  of  the  letter  D. 

At  the  south  end  the  beach  has  been  quarried  for  road  ballast 
and  there  the  material  which  enters  into  its  composition  and  the 
arrangement  of  the  same  is  readily  observable.  The  material  con- 
sists chiefiy  of  pebbles  and  lK>nlderB  which  range  in  size  from  two 
to  six  inches  and  have  a  prevailingly  jounded  form.  There  are  a 
few  large  boulders  np  to  two  feet  in  diameter  and  a  good  deal  of 
finer  gravel.  Stratification  is  not  discernible  in  the  mass  of  the 
beach  and  the  pebbles  and  boulders  are  piled  up  in  the  irregular 
fashion  so  well  exhibited  by  the  livingbeaohesof  the  lake.  There 
was  no  loogitudioal  section  which  would  permit  of  an  observation 
as  to  the  sorting  of  the  material  according  to  its  relative  coarse- 
ness. In  the  upper  part  of  the  beach  there  is  some  fine  gravel 
and  sand  which  shows  a  stratiform  arrangement,  but  this  is  prob- 
ably dae  to  wash  from  the  lagoon,  since  such  drainage  would 
doubtless  have  kept  a  way  open  for  itself  through  the  beaoh. 

The  QDdalatory  front  slope  of  the  beach  extends  from  its  crest 

at  an  elevation  of  534  feet  down  to  the  rear  of  the  terrace  already 

described  at  an  elevation  of  475.9  feet,  and  the  relations  aeem  to 

warrant  the  inference  that  the  higher  strand  line  is  the  older  and 
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that  the  water  aabeided  by  atages  till  it  arrived  at  the  one  marked 
b;  the  Lake  Yiew  terrace,  where  it  remained  oonBtant  for  a  sniBoi- 
ent  length  of  time  to  eToWe  the  strikiDg  featare  of  the  togography, 
the  terraoe  being  in  fact  cnt  into  the  slope  of  the  older  and  higher 
beach. 

Series  2.~Dttluth,  Tenth  Ave.  Eos/.— Near  the  head  of  Tenth 
Ave.  Elast,  three  dlatinoUy  marked  strand  liaea  are  recognizable. 
The  highest  of  these  is  a  wave-bailt  terrace  of  pebbles  and  bonld- 
ars  resting  on  a  rooky  slope  and  Facing  the  open  lake.  Cirefnl 
ievelling  established  its  elevation  at  534  8  feet  (XXXI)  which 
Kgrees  within  a  foot  with  the  altitade  eBtabliebed  by  an  entirely 
mdependent  Hue  of  levels  for  the  beach  st  the  head  of  Seventh 
Ave.  West.  From  this  elevation  down  to  an  altitade  of  436.2 
Feet,  or  in  roand  numbers  a  vertical  distance  of  100  feet,  there  is  a 
coatinnons  bank  of  beach  material  comprising  txialders,  gravel 
and  coarse  sand,  lying  apon  the  slope  of  the  hill.  On  the  front  of 
this  great  embankment  there  is  a  level  terrace,  which,  while  not 
very  broad,  is  persistent  and  ou  being  traced  southward  is  fonnd 
to  abut  directly  against  the  rocky  slope  at  a  place  where  the  upper 
terrace  is  wanting.  This  seooad  terrace  was  found  to  have  at  the 
rear  an  elevation  of  473  feet  (XXIX)  which  agtin  agrees  very 
closely  with  the  figures  obtained  for  the  rear  of  the  Lake  Yiew 
terrace  in  Weat  Datath.  The  structure  of  the  upper  terrace  is 
not  revealed  by  any  section;  but  below  the  473  foot  terrace  there 
have  been  a  number  of  excavations  for  road  ballast  and  in  these  it 
is  seen  that  this  lower  part  of  the  gravel  bauk  is  distinctly  strati- 
fied with  a  dip  in  the  direction  of  the  slope  of  the  hill,  bat  at  a 
moch  less  angle.  There  is  a  smnll  ravins  to  the  left  of  the'higher 
terrace  and  there  is  little  doubt  that  the  stream  which  flowed 
down  thi^  ravine  supplied  the  material  of  which  the  whole  of  the 
100  foot  bank  is  constructed;  and  the  development  of  the  two  ter- 
races and  the  stratiform  straetore  seen  below  the  second  one  is 
probably  explained  by  the  following  considerations:— 

The  beirook  of  the  ravine  is  much  lower  than  the  apper  terrace 
(XXXI),  and  was  so  when  the.lake  stood  at  the  level  at  which  the 
terrace  was  builL  The  ravine  after  becoming  itself  filled  with 
detritos  to  the  level  of  the  lake  would  supply  the  material  for  the 
terrace,  and  besides  this  there  would  be  much  which  would  be 
carried' down  to  the  sabaqneoas  slope  and  arranged  by  the  varying 
cnrrenla  into  strata.  As  the  level  of  the  lake  subsided  the  ravine 
wontd  be  cleaned  out  and  its  accumulations  spread  out  on  still 
bwer  slopes  also  io  bedded  fashion.  In  this  way  the  100  foot 
bank  of  gravel,  etc.,  stratified  in  its  lower  part,  wonld  have 
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aooomolated.  The  etrand  line  XXIX  represents  .a  stage  in  the 
reoeBeioD  ot  the  water,  at  which,  as  in  West  Dolath,  a  seoond 
terrace  waa  imposed  apon  the  Blope  of  the  growing  bank,  partially 
catting  into  the  flanks  of  the  apper  terrace. 

At  uie  foot  of  the  rather  steeply  ioolined  100  foot  bank  of  beaoh 
material,  the  elope  suddenly  changes  and  flattens  oat  into  a  broad, 
gently  inclined  terrace  in  which  no  rook  in  place  is  seen.  The 
rear  of  the  terrace  was  fonnd  to  have  an  altitude  of  436.2  feet 
(XXVIX).  Its  surface  is  composed  of  a  dark  earth  in  which  are 
embedded  scattered  boulders,  and  it  is  oovered  with  grass  or  timber 
80  that  its  subatruotore  is  not  apparent.  On  foUowng  the  rear  of 
this  terrace  northward  beyond  the  gravel  pits,  it  is  fonnd  to  abat 
against  the  rochea  moutonnees  of  the  hill-side  without  the  inter- 
Teution  of  the  gravel.  The  age  of  this  terrace  relatively  to  the 
gravel  terraces  above  it  is  doubtful.  It  is  uocertain  whether  the 
gravel  bank  rests  upon  the  rear  of  this  terrace  or  whether  the 
terracb  is  imposed  upon  the  lower  flanks  of  the  gravel  bank. 
Owing  to  the  absence  of  natural  sections  no  ready  answer  presented 
itself  to  this  question,  and  time  was  not  taken  to  investigate  it 
It  is  possibly  an  older  terrace,  but  evidence  of  this  supposition  is 
lacking. 

Seizes  3. — Hardy's  Schoolhou.se. — Near  the  eastern  limits  of 
Dulnth,  in'  the  vicinity  of  Hardy's  schoolhouse,  there  is  a  mag- 
niflcent  illustration  of  that  phase  of  topography  which  is  due  to 
the  development  of  a  bar  beach  and  delta  deposit  at  the  month  of 
a  valley,  which  has  been  the  channel  of  a  stream  flowing  into  a  lake 
at  a  level  now  abandoned.  The  altitude  of  the  crest  of  the  barrier 
beach  was  found  to  be  509.5  feet  (XXX)  above  the  lake.  North> 
ward  from  it  there  extends  a  forest-clad,  rook>walled  valley 
about  a  mile  wide  at  the  mouth  where  spanned  by  the  barrier 
beaoh.  About  the  mouth  of  the  valley  are  several  isolated 
rocky  hills  which  evidently  formed  islands  in  the  lake  when  it 
stood  at  this  high  level.  They  rise  from  out  of  the  beach 
formation  or  from  the  flat^lying  delta  deposits  farther  out 
which  represents  the  eboals  of  the  old  lake  bottom.  The  crest 
of  the  beach  has  a  curvilinear  form  and  extends  in  a  sonth- 
westerly  direction  from  the  rocky  knob  at  the  schoolhoaee,  which 
stands  at  its  northeast  extremity,  to  the  rocky  bills  which  rise 
at  the  back  of  the  city.  In  a  general  way  it  seems  concave 
towards  the  valley,  bat  it  is  by  no  means  a  simple  ridge.  It  has  a 
very  extensive  aerial  distribution,  and  while  on  the  side  it  presents 
sections,  as  along  the  line  of  the  electric  tramway,  which  are 
simple  lowly-arched  ridges  of  beach  material,  towards  the  middle 
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of  the  valley  it'  spreads  oat  and  grades  into  a  broad  delta  The 
crest  of  the  beach  is  higher  than  the  valley  bottom  to  the  north 
of  it  and  also  higher  than  the  flat  tract  to  the  south.  The  section 
referred  to  on  the  line  of  the  tramway  near  the  schoolhonse  is  a 
catting  made  in  the  oonatrnction  of  the  road  and  displays  a  Terti> 
oal  section  of  kbont  6  feet  of  evenly  bedded  and  obliquely  bedded 
gravela  with  some  sands.     [See  Fl.  X,  Fig.  1.] 

On  the  lower  slopes  of  the  eastern  part  of  the  oity  of  Duluth  and 
for  many  miles  northeastward  along  the  coast,  there  are  definite 
isdicatioDe  and  suggestions  of  terraces  when  the  land  is  viewed 
from  a  distance.  There  are  two  oircametances,  however,  which 
interfere  with  the  recognition  and  loeation  of  these  terraces  at  close 
quarters.  The  first  of  these  is  that  the  geological  stmotnre  of  this 
part  of  tha  coast  is  such  that  the  strata  dip  lakeward  at  about  the 
same  angle  as  the  slope  of  the  terraces,  so  that  the  changes  of  in- 
cliaatioD  in  the  transverse  profile  are  not  sufficiently  aocentnated 
to  permit  of  reliable  determination  of  the  line  of  the  abutment  of 
the  terraces  upon  the  hill-side.  The  second  unfavorable  circnm- 
stanoe  is  the  prevalence  of  timber  which  obscures  the  surface  but 
allows  the  general  effect  of  a  terrace  to  be  sometimes  dimly  ap- 
parent at  a  distanoa  On  acconnt  of  these  oouditiona,  no  time  was 
spent  in  trying  to  locate  shore  lines  between  Dolnth  and  Two 
Harbors. 

Series  4.— Two  Harbors  {D.&  I.  E.  Ey.).— On  the  line  of  the 
Dnlnth  and  Iron  Bange  railway,  northward  from  Two  Harbors, 
one  very  strong  suggestion  of  a  strand  line  may  be  observed  in  the 
Tioinity  of  mile  poet  32,  in  the  abutment  of  a  sloping  plain  against 
a  series  of  morainio  hills.  This  change  of  the  character  of  the 
soifaoe  comes  out  most  distinctly  when  viewed  from  a  distance. 
From  a  hill  top  on  the  shore  of  the  lake  near  Two  Harbors,  even 
although  the  country  is  wooded  or  only  partially  burnt,  the  effect 
of  '■  plain  abutting  upon  the  hills  is  quite  diatinot.  The  corre> 
ponding  change  in  the  slope  of  the  surface  is  recorded  in  the  rail- 
way profile  as  published  in  Winchell's  Iron  Oree  of  Minnesota, 
[date  No.  XXXVII,  where  the  rear  of  the  terrace  at  the  32nd  mile 
port  is  given  at  476  feet  (SXIX). 

, .  Hie  railway  yards  and  station,  at  the  town  of  Two  Harbors,  are 
iba  on  a  terrace  whose  limitations  to  the  northwestward  coutd  not 
Md^nitely  recognized.  The  elevation  of  this  plain  at  the  railway 
jfOHtfon  is,  according  to  the  same  authority,  35  feet  above  the  lake. 

Ssries  5. — Beaver  Bay. — The  mouth  of  Beaver  river  is  well  pro- 
tiMied  from  south  and  southeast  winds  by  a  bold  bead,  which, 
at  ita  extremity,  presents  to  the  lake  vertical  cliffs  over  100  feet 
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high,  bat  which  ie  oonneoted  to  the  main  Isnd  by  a  rock;  ridge 
aboat  50  feet  on  an  average  above  the  lake.  This  ridge  is  partially 
mantled  by  old  beach  material  and  Band.  The  stream,  after  eme^- 
iag  from  the  gorge  throngh  which  it  discharges  into  the  lake,  hogs 
the  northeast  aide  of  this  protecting  ridge  for  a  conple  of  hnndred 
yards,  and  on  the  other  side  of  the  stream  there  has  been  bailt  np, 
by  the  joint  action  of  the  stream  and  easterly  or  northeasterly 
storms,  a  well  defined  spit  [See  PL  XII,  Fig.  2.]  This  spit  seems 
to  be  crowding  the  stream  against  the  ridge,  and  in  conseqaence 
it  is  outtiag  a  terrace  in  the  B'^ft  material  which  flanks  it.  This 
same  conditiitn  of  things  seemB  to  have  obtained  when  the  lake  w«a 
20  feet  higher  than  at  present;  for,  on  the  northeast  side  of  the 
ridge,  parallel  to  the  present  stream,  and  20.1  feet  (HI )  above  it  is 
a  distinct  terrace,  which,  while  donbtle&s  dae  to  stream  action,  yet 
is  in  sach  a  position  that  it  mast  have,  at  the  time  of  its  formation, 
corresponded  at  ite  rear  to  the  then  level  of  the  lake. 

The  next  old  strand  line  observed  at  Beaver  bay  is  on  the  slopes 
above  the  base  of  the  apit  referred  to,  where  a  small  bnt  distiaot 
terrace  is  foand  at  an  elevation  of  79.9  feet  (VII).  The  terrace 
looks  oat  over  the  lake  and  lies  to  the  northeast  of  the  month  of 
the  gorge  from  which  the  stream  emerges.  The  hill  in  which  the 
terrace  is  out  is  apparently  moranio  material  resting  in  a  rooky 
slope.  There  is  doabtless  also  an  admixture  of  stream  detritus 
bat  the  heavy  sward  prevents  satisfactory  determination  of  the 
strnotare  of  the  hills. 

Farther  np  od  the  slopes  of  this  hill  a  broad  terrace  has  been 
bailt  up  evidently  in  the  form  of  an  embankment  of  the  stream 
detritos  damped  into  the  lake  at  its  higher  stagea.  This  terrace 
is  best  seen  in  the  cultivated  fields  on  the  west  side  of  the  Beava: 
river.  It  abnts  against  the  steeper  hills  as  an  old  shore-lioe  near 
the  grave-yard  at  an  elevation  of  126  feet  (XI).  A.  few  hnndred 
feet  down  the  slope  of  this  broad  and  gently-sloping  terrace  is  a 
low  beach-like  ridge  of  fine  gravel  which  is  probably  of  the  char- 
acter of  barrier  beach  at  114.8  feet  (X).  On  the  east  side  of  the 
river  the  hill  rises  somewhat  uniformly  in  the  form  of  a  broad 
sloping  well  timbered  terrace.  A  wagon  road  throngh  the  timber 
shows  that  while  the  slope  is  uniform  in  general  it  is  uneven  in 
detail,  is  strewn  with  boulders,  and  characterized  by  abundance  of 
red  mud.  This  broad  terrace  at  about  a  mile  back  from  Beaver 
bay  encircles  a  rocky  bill  which  rises  from  the  rear  of  the  gentle, 
nearly  fiat  slope  with  steep  sides  which  in  places  are  absolutely 
vertical  for  over  one  hundred  feet.  The  sides  of  the  hill  at  these 
places  present  the  character  of  a  see  cliff  and  the  abutment  of  the 
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geotte  boalder-etrewo  terrace  agamst  this  rocky  hill  is  taken  to  be 

the  mark  of  as  old  strand  line,  at  a  time  when  the  bill  was  an 

island  of  the  lake.     This  abatment  was  found  hj  our  Qieasnrenient 

to  be  at  313.9  feet  above  the  lake  (XXII).     The  hill  thus  enoiroled 

has  a  diameter  of  perhaps  one-halt  mile  and  rises  to  aboat  700 

feet  above  the  lake.    It  was  ascended  to  the  sammit,  bat  no  red 

mnd  and  very  few  boalders  were 

seen  above  the  terrace  plane. 

Nor  were    any    indications  of 

higher  strand  line  observable 

either  on  this  hill  or  on  the  sor- 

roonding  hills  as  seen  from  its 

Bommit    The  sammit  affords  a 

good  view  of  the  Borrounding 

ooontry  and  the  terrace  in  qaes- 

tiou  appears  to  ran  in  between 

the    hills    as  a   valley    bottom 

which  as  far  as  coald  be  judged  • 

in  the  timbered    state    of    the  ^   < 

coontry.roee  on  the  flanks  of  the   p 

hills  to  a  constant  level.      Be-   f 

tween  this  hill  and  the  lake  on  ^ 

the  general  slope  of  the  m»iu  ° 

terrace  there  is  a  subordinate  g 

terrace  at  an  elevation  of    173  = 

feet  (XV).  I   , 

Series   6. — Bapiism  River —   « 
Just  east  of  the  month  of   the  ^ 
Baptism  river  below  the  Palis-  ^ 
ades,  a  clear-oat  sea-cliff  facing  ^ 
the  open  lake  reveals  a  unique  ' 
and  iotereeting  section.     The 
cliff  rises  practically  from  the 
present  level  of    the  lake,  but 
there  is  a  low  beaoh  a  few  yards 
vide  between  its  base  and  the 
fdga  of  still  water.     The  lower 
30  feet  of  this  sea-cliff  is  verti- 
cal and  oonsiBts  of  one  of  the 
add  formations  of  the  Kewee- 
niui  volcanic  series  which  are 
tuoally  so  intimately  juintAd  and 
so  susceptible    of    mechasioBl 
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disintegration.  Upon  this  rook  rests  a  thiokBeaa  of  over  50  feet 
ol  stratified  material  which  presents  all  the  oharaoters  of  a  ehote 
em  banloaeiit. 

It  is  made  ap  ohiefly  of  ooarse  sand,  gravel  and  boulders  en- 
tirely nneemented.  Upon  this  stratified  beaob-Iike  material  rests 
aboat  11  feet  of  heterogfeneoae  material  which  has  all  the  characters 
of  bonlder  till.  The  part  of  the  sea-cliff  above  the  lower  vertical 
wall  of  rock,  although  made  up  of  these  incoherent  materials, 
presents  at  namerons  ptaeee  a  vertical  eecarpment  in  its  npper 
part  with  a  talue  mantling  its  lower  pEirt  down  to  thf  brink  of  the 
rocky  cliff.  The  section  parallel  to  the  shore,  as  seen  when 
approaching  the  shore  from  the  lake,  is  shown  in  Fig.  9,  as  ie  also 
the  cross  section. 

The  apper  incoherent  portion  of  the  sea^liff  althoagh  present- 
ing a  front  which  stands  somewhat  further  back  from  shore 
than  the  lower  rocky  portion  is  not  apparently  receding  at  a  faster 
rate,  bat  is  receding  part  patsv.  with  the  nndermining  of  the  rocky 
foundation  on  which  it  rests.  The  line  of  demaikation  between 
the  rocky  lower  portion  of  the  sea-cIiS  and  the  stratified  material 
which  rests  upon  it  is  a  roughly  horizontal  one  and  seems  to  l>e 
the  trace  of  an  old  plain  which  ie  of  the  nature  of  a  terrace.  The 
dividing  line  between  the  stratified  beach  material  and  (he  third 
or  till-like  member  of  the  seotion,  ie*also  a  horizontal  line  and  ia 
sharply  marked.  There  seems  to  be  no  good  ground  to  doabt 
the  beach  character  of  the  middle  member  of  the  section  for  the 
following  reasons:  (1).  Thecbaracter  of  the  material  is  that  nhich 
usually  constitutes  shoredrift.  (2).  Its  stratification  is  similar  to 
that  of  embankments  composed  of  material  not  too  ooarse.  It  ie 
both  horizontally  and  obliquely  bedded,  the  planes  of  the  false  bed- 
ding beingfrequeuUydisoordant  (S).  The  apparent  embankment 
extends  oat  from  the  west  side  of  a  bold  promontory  which  Ilea  to 
the  east  of  the  Baptism  river  and  the  material  is  coarser  near  this 
rocky  ridge  than  further  from  it.  (4).  It  faces  the  open  lake  and 
extends  across  the  front  of  a  valley.  In  view  of  these  facts  the 
formation  is  interpreted  to  be  an  embankment  of  the  character  of 
a  beach  bar  that  once  crossed  or  partially  crossed  the  mouth  of  a 
bay  into  which  the  old  river  discharged.  The  material  of  irhich 
the  embankment  is  built  is  partly  foreign,  doubtless  brought  by 
the  stream  from  morainio  accumulations  inland,  and  partly  local 
from  the  mechanical  disintegration  of  the  cliffs.  The  upper  mem- 
ber of  this  section,  as  has  been  stated,  presents  the  heterogeneous 
character  of  bonlder  till.  In  places  it  is  a  pure  red  plastic  clay 
with  only  occasional  pebbles  in  it,  bat  quite  devoid  ofstractare;  a 
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few  yarda  away  thia  will  merge  into  a  clay  mixed  with  sand  and 
pebblea  in  the  most  irregnlar  fashioD,  together  with  nameroas 
bonldets  both  rounded  and  aDgnlar  up  to  two  feet  in  diameter. 
Conld  the  formation  be  shown  to  be  boulder  till  of  glacial  origin, 
tbe  section  wonld  be  of  great  interest  in  connecting  the  old  high 
leads  of  the  lake  with  the  presence  of  glacier  ice  at  a  time  poste- 
riat  to  the  primary  glaoiation  of  the  region.  The  suggeation  that 
tbb  till-like  formatioQ  is  of  glacial  origin  is  sustained  in  a  meas- 
ore  by  tbe  fact  that  it  is  found  at  the  month  of  a  short  valley  at 
the  app^  end  of  whiob  are  ranges  of  hills  moch  higher  than  are 
QBiiaUy  seen  on  this  coast,  and  which  might  have  served  as  a  gath> 
ering  groand  for  local  glaciers.  In  spite,  however,  of  these  aug> 
gestions  of  glacial  caoaes,  the  origin  of  the  formation  must  be  for 
the  present  r^;;arded  as  problematical,  and  the  evidence  inoonolnsive. 
Id  some  of  the  western  placer  mining  districts  the  heavy  beds  of 
Btceam  detritos,  consisting  of  boalders  and  pebbles  of  greatly  vary> 
ing  sizes  imbedded  in  clayey  matrix,  and  devoid  of  definite  ar- 
rangement within  a  given  bed  of  great  thickness,  resemble  closely 
mnchof  the  material  whiob  sometimes  is  called  boalder  till  and 
referred  to  glacial  origin.*  In  view  of  the  ins  afficient  examination 
of  the  sorroanding  conditions  nothing  beyond  suggestion  is  oCEered 
as  to  the  origin  of  the  till-like  stratum.  It  is  asBummi  that  the 
Bommit  of  tbe  stratified  gravel  is  the  approximate  crest  of  a  bar- 
rier beach  which  by  some  means  has  been  covered  by  the  till.  The 
sommit  ia  8{j.8feet  ah  jve  the  level  of  the  lake  and  it  thns  falls  into 
place  with  strand  line  VII.  On  the  upper  or  westerly  aide  of  the 
moath  of  Baptism  river,  behind  the  club  house,  there  is  a  distinct 
vave-ont  terrace  which  has  been  carved  out  of  a  moiainic  accumu> 
UtioD,  the  rear  of  the  terrace  being  49,0  feet  above  the  lake  (Y). 
The  terrace  has  a  very  low  angle  of  slope  and  is  strewn  with  bould- 
era  whiob  project  above  the  surface,  giving  it  the  character  of  a 
boulder  pavement,  in  the  sense  in  which  Prol  J.  W.  Spencer  uses 
that  term.  The  sea-cIiCf  behind  the  terrace  is  low  and  has  been 
roonded  by  atmospheric  waste-  The  morainic  material  rests  upon 
the  aame  terrace-like  platform  rock  as  that  observed  on  the  east 
aide  of  the  river.     The  terrace  and  sea-cliff  face  the  open  lake. 


'I'Dnnatloos  of  tbecb&r&ctercammonl;  deflgonted  as  Iwulder  clay  may.  U  seems  to 
ih«  writer.  In  some  cases  have  an  orlglu  greatly  ditTereot  frgin  thatat  present  ascribed 
M  Ihem  and  propet  orlteria  of  a  purel;  petrographLcul  charncter,  «o  tn  speak,  for  dls- 
i-'rltniiiaUiis  between  the  true  (tlaclal  lonuatlons  and  those  due  to  other  agencies  are  ' 
om  jetfonnnlated.  Other  criteria  are  of  course  available,  saifi  as  the  form  of  the 
toais.  ItsrelSitlOD  to  adjacent  formations  and  other  cundltlonH  of  occurrence.  But 
iher«  teenu  zreat  room  tor  error  if  we  rely  on  the  character  of  tbe  formation  petro- 
niphlcally  considered  as  a  means  of  recognlzlDX  Its  mode  of  development. 
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Series  7. — Saw-teeth. — Aboat  three  miles  east  of  the  moatliof 
Baptism  riv^r  in  the  vicinity  oE  the  Saw-teeth,  a  search  was  made 
for  terraoes  at  a  place  where  the  coaotry  had  been  bomt  and  the 
joQgle  appeared  to  be  passable.  Noae  were  seen  from  the  shore, 
and  the  fact  that  ths  searoh  proved  Baoosaatat  warraQta  the  belief 
that  at  maay  ptaoea  along  the  Minnesota  coast  ancient  terraces 
and  bdujh  lines  will  be  revealed  as  the  timber  is  cleared.  At  the 
locality  in  qnestion,  a  graat-embankment  of  shore  drift  mantles 
the  underlying  rooks  op  to  a  level  oE  130  feet  above  the  lake.  The 
apper  limit  of  this  embankment  forme  a  horizontal  oontoar  aroand 
the  hill  and  marks  the  rear  of  the  highest  terrace.  Above  it  the 
hill  rises  with  an  acclivity  of  about  26  degrees  to  a  hight  of  about 
300  feet  above  the  lake.  The  terrace  has  a  slope  of  perhaps  5  de- 
grees and  at  the  place  examined  is  abont  150  feet  wide.  There  is 
no  trace  of  water-worn  material  on  the  rocky  slope  above  the  rear 
of  the  embankment,  only  scattered  angttlar  blocks  of  local  origin; 
and  from  the  summit  of  tbe  hill  no  suggestion  of  higher  terraces 
was  obtained  from  an  inspection  of  tbe  surrounding,  thickly-wood- 
ed hills.  The  terrace  (XXI)  probably  belongs  to  the  "cat  and 
built"  type  of  Oilbert,  bnt  no  well-defined  cliff  has  been  developed 
and  the  acBumulation  of  shore  drift  has  bnen  proportionately  more 
rapid  than  the  catting  action,  a  fact  dae  doubtless  to  the  proximity 
of  streams.  About  150  feet  from  the  rear  of  the  embankment,  the 
upper  terrace  is  limited  by  tbe  aea-cliff  of  the  next  tower  terrace. 
The  sea-cliff,  having  been  out  in  the  incoherent  material  of  the  em- 
bankment, is  well  defined,  althoagh  its  slope  is  something  lees  than 
the  angle  of  repose.  The  terrace  at  the  base  of  this  aea-cliff  is 
only  50  feet  wide  and  h<w  an  altitude  of  99.5  feet  (IX).  Below 
this  is  another  low  sea  otiff,  the  base  of  which  is  845  feet  high 
(VII),  at  the  rear  of  a  broad,  gently- sloping  terrace  which  extends 
for  nearly  one-fourth  of  a  mile  to  the  brink  of  the  cliffs  above  the 
present  shore. 

Series  8. — Carlton  Peak — From  the  vicinity  of  the  Saw-teeth 
to  Carlton  peak  fairly  definite  suggestions  of  two,  and  in  some 
cases  more  than  two  terraces  are  obtained  by  an  inspection  of  the 
coast  from  the  lake.  The  country  is,  however,  heavily  timbered, 
and  experiense  proves  it  to  be  impracticable  to  locate  them  within 
a  reasonable  time  by  crawling  through  the  jangle.  On  the  slope 
from  Carlton  peak  to  the  shore  the  timber  has  been  burnt,  and  by 
hard  scrambling  through  the  windfall  it  was  possible  to  reach  the 
terraces  and  ascertain  their  elevations  approximately  by  aneroid 
observations.  The  figures  obtained  by  this  means  were  80  feet, 
(VIl)  and  125  feet  (XI)  respectively,  above  the  lake  for  the  rear 
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parts  of  two  very  gaiitly  eloping  terraces  that  htiTe  been  oat  in  a 
broad  embankment  ot  soft  material  vhich  most  hare  ooonmalated 
at  still  higher  stages  of  the  lake.  The  precipe  registration  of  these 
higher  stages  was  not  observed,  bat  the  conditions  of  examination 
Tere  antavorable,  and  it  is  probable  that  higher  terraces  on  the 
danks  of  Carlton  peak  will  be  tonnd. 

Series  9  and  10.— Poplar  Rv'er— The  Poplar  river  cats  throogh 
a  broad  embankment  of  sand,  gravel,  etc.,  which  mantles  the  rocky 
slope  ot  this  part  of  the  coast  for  many  miles.  The  frost  of  the 
embankment  orerlooking  the  lake  descends  rapidly  to  the  present 
shore  by  a  succession  of  cliffs  and  ont-terraoes  which  have  been 
carved  oat  of  the  main  embankment  at  various  socoeseively  lower 
stages  of  the  water  snbseqnent  to  that  at  which  it  was  aconmnlated. 

The  brink  of  the  main  embankment  is  aboat  116  feet  above  the  ' 
lake,  and  from  this  point  its  npper  slope  rises  very  gently  land- 
vard  for  nearly  two  miles  to  an  elevation  of  abont  800  feet  where  it 
ibnts  sharply  against  a  steep  range  of  a  gabbro.  The  general 
I'haracter  of  the  topography  and  the  underlying  sti^ctare  is 
analogOQs  to  that  described  at  Beaver  bay,  where  a  broad  gently- 
sloping  terrace  of  incoherent  material^bnts  on  precipitons  rooky 
hills  at  an  elevation  of  about  314  feet.  The  rear  of  this,  brood 
terrace  at  Poplar  river  was  only  ascertained  very  approximately  by 
an  aneroid  observation,  so  that  the  fignres  aie  not  incorporated 
with  the  more  precise  data  of  the  table.  The  wooded  character  of 
the  oonntry  practically  prevented  precise  observations  at  points 
distant  from  the  shore  without  an  expenditure  of  time,  labor  and 
moDi-y.  which  would  have  been  inconsistent  with  the  modest  plan 
of  onr  operations.  Although  the  newer  terraces  carved  in  the 
front  of  thia  main  embankment  face  the  open  lake,  they  are  in  the 
immediate  vicinity  of  the-  mouth  of  the  dtream,  and  the 
stream  cnrrents  have  doubtless  played  an  important  part 
in  the  development  of  the  terraoes,  supplying  and  removing 
detritus  contemporaneously  with  the  cutting  action  of  the  waves 
rite  terraoes  and  cliffs  are  all  remarkably  sharp  in  cross  profile. 
The  terraces  are  narrow  and  vary  but  little  from  horizontal.  The 
allele  of  slope  of  cliffs  was  carefully  measured  and  three  were 
foond  to  have  a  declivity  of  28°,  two  of  27°.  and  one  {the  lowest) 
of  32'.        . 

The  lowest  terrace  of  the  series  is  a  wave-bailt  terrace,  and  is 
only  6.9  feet  ([)  above  the  level  of  the  lake  at  its  rear,  where 
the  fishermen's  boat-houses  stand.  Towards  the  lake  it  grades 
into  the  present  shore.  The  higher  terraces  have  none  of  the 
ckancters  of  wave-built  strnotures  so  far  as  can  be'discerned.    At 
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the  aammit  of  thia  series  of  terrsces 
and  cliefB,ia8t  at  the  limit  of  the  main 
embankmect,  ia  a  beach-like  ridge 
with  somewhat  lower  ground  behind 
it  and  a  aeries  of  minor,  snooeaiTelf 
lower,  parallel  ridges  on  its  gentle 
lakeward  slope.  This  ridge  is  inter- 
preted to  be  a  barrier  beach  dereloped  ' 
at  a  favorable  stage  of  the  emergence 
of  the  coast.  The  accompanying  cross 
profile  was  plotted  to  scale  in  the 
field  from  precise  measiixementB. 

On  the  east  side  of  the  month  of 
Poplar  river  only  three  distinct  strand 
lines  have  been  registered  on  the  front 
of  the  main  embankment.  Thebe  are, 
a  well-formed  wave-oat  terrace  facing  . 
the  lake  at  an  elevation  of  78.4  feet 
( VII );  a  less  distinct  terrace,  which 
is  seen  in  vertical  section  where  the 
river  gorge  cats  it,  to  be  composed  of 
stratified  gravela,  the  elevation  of  its 
aammit  being  ^9.6  feet ;  and  again  a 
beaeh-like  ridge,  the  higheat  line  on 
the  front  of  the  embankment,  at  116  . 
feet 

Series  11. — Coast  east  of  Poplar 
River.  —  East  of  Poplar  river  two 
terraces  are  observed  to  follow  the 
shore  more  or  less  oontinaonsly  for 
some  miles.  Both  ai'e  covered  with 
timber,  bat  as  they  are  low  and  not 
osoally  distant  from  the  shore,  their 
topographic  character  is  not  obscured 
beyond  recognition.  Both  are  wave- 
cat  terraces  and  have  been  carved  out 
of  a  primary  embankment  which  man- 
tles the  rocky  elopes  of  the  coast. 
These  terraces  were  found  to  be  eua- 
oeptible  of  partial  measurement  at  a 
fishermen's  clearing  about  two  miles 
from  Poplar  river.  Here  the  brink 
of  the  lower  terrace  is  145  feet  above 
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tbe  lake,  the  front  limit  being  a  nteep  eea-oliff  rising  from 
the  present  shore.  The  terrace  is  160  feet  wide  and  at  its 
rear  hu  an  eleyation  of  17.8  feet  (III),  thus  exhibiting  a  slope 
of  about  2  in  100.  From  the  rear  of  this  terrace  an  other  sea 
cliff  rises  Tith  a  slope  of  37  degrees  and  the  brink  of  the 
Beoond  terrace  is  37.6  feet  above  the.lake.  The  terrace  mns  back 
under  the  beach  apparently  nearly  flat.  The  elevation  of  its  rear 
portion  was  estimated  to  be  6  feet  higher  than  its  brink,  tbos  mak- 
ing the  shore  line  aboat  43.6  fei^t  (V)  above  the  lake.  The  low 
seft-cliff  which  rises  above  the  present  shore  and  limits  the  lower 
terrace  lakeward  is  rather  a  striking  feature  of  this  part  of  the 
shore,  being  a  vertical  scarp  of  the  old  embankment  material  rest- 
ing upon  rock  varied  in  places  by  shorter  stretches  in  which  the 
cliff  is  wholly  rock  or  wholly  embankment  gravel. 

Sen'es  12. — Qood  Hgrhor  Bay. — The  next  locality  along  the 
DOBst  where  the  ancient  strand  lines  are  safficiently  recognizable 
to  be  measured  is  at  Good  Harbor  bay.  The  bay  is  open  to 
the  east  and  northeast  and  presents  on  the  maps  but  a  small  jog 
in  the  generally  nniform  trend  of  the  shore.  The  west  aide  of  tbe 
bay  is  overhang  by  a  sea-cliff  of  very  slightly  inclined  beds  of  red 
and  brown  shales  and  shaly  sandstone  which  rises  vertically  to  a 
Mght  of  15  feet.  Between  the  base  of  the  cliff  and  the  shore  line 
there  is  a  nairow  and  low  beach  of  shingle  derived  chiefly  from 
the  ehS.  Above  this  sea-cliff  there  is  a  terrace  abont  100  feet  wide 
and  20  feet  high  at  its  rear  (III),  which  is  thickly  atrewn  with 
shingle.  Immediately  above  this,  with  a  low  olifF  between,  is 
mother  terrace  25  feet  wide  and  27.2  feet  high  at  its  rear  (IT), 
and  also  oat  ont  of  shingle  and  gravel.  A  third  sea-clifE  cat  out  of 
irregolarly  stratified  gravels  and  sands  of  a  primary  embankment 
rises  above  this  for  aboat  60  feet  Above  the  sammit  of  the  cliff 
the  ground  rises  gently  in  a  rolling  saocession  of  beach- like  ridgea 
tor  severaJ  hundred  feet  horizontally  and  then  grades  fnto  a  dis- 
tinct terrace  abutting  against  the  higher  slopes  of  the  hilt  at  an 
elevation  of  115.3  feet,  (X). 

Series  13. — Grand  Marais. — The  pinkish  acid  volcanic  rocks  of 
tlie  vicinity  of  Orand  Marais  have  by  their  mechanical  disintegra- 
tion along  the  sea-cliffs  afforded  an  abundance  of  shingle  and 
gTBTcl  with  which  the  waves  have  banked  ap  a  fine  series  of 
beaches.  These  have  been  arranged  in  parallel  ridges  in  the 
form  of  a  beaatifolly  distinct  and  ty^cal  wave>bnilt  terrace.  As 
this  twrace  encroached  apon  the  are»  of  the  lake  the  space 
between  the  shore  and  the  rocky  island  upon  which  the  lighthouse 
atonds  was  spanned  by  a  spit,  and  the  construction  of  the  terrace,  ~  , 
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was  limited  to  the  northeast  side  of  the  resulting  bar,  sinoe  the 
latter  closed  in  e.  bay,  the  only  entrance  to  which  is  hy  a  deep  ohan- 
nel  between  rocky  points  thronf^h  which  no  shore  drift  conld  enter. 
[See  PL  XII,  Fig.  1.]  Within  the  bay  at  Grand  Marais  the  wave 
action  has  been  restricted,  for  lack  of  supply  of  new  material,  to 
workioft  over  the  old  material  broaght  there  before  the  bar  was 
established;  and  its  effect  has  been  doubtless  to  extend  the  size  of 
tiie  bay  and  render  it  shallow.  Within  the  bay  the  oreet  of  the 
livii  g  beach  has  an  altitade  of  5.6  feet  and  is  23  feet  distant  from 
the  water.  Parallel  to  this  and  65  feet  farther  inland  across  an 
intervening  hollow  is  an  old  beach,  the  crest  of  which  is  6.1  feet 
above  the  lake  (I).  Behind  this  is  again  a  hollow  and  beyond  the 
(tronnd  rises  in  two  low  steps  to  cnlminate  in  a  third  distinct  and 
bare  beach-crest  at  a  distance  105  feet  from  the  seoond.  The  alti- 
tude of  tbis  thiid  beach  is  12.1  feet  (II).  Tkis  is  ^ain  followed 
landward  by  a  parallel  hollow,  and  again  the  ground  rises  (all  bare 
sbiogle  and  gravel)  in  two  low  steps,  each  about  35  feet  broad,  the 
higher  of  which  is  17  5  feet  at  its  edge.  Neither  of  these  eteps  is 
taken  to  mark  a  definite  stage  of  tbe  water.  '  The  upper  of  these 
steps  grades  into  a  gei.tly  sloping  wave-cat  terrace  260  feet  wide 
and  29.1  feet  high  at  its  rear.  Thus  from  the  back  of  this  terrace 
(IV)  to  tbe  present  shore  there  appears  to  have  been  no  sodden 
drop  in  the  level  of  the  lake  but  a  gradual  reoesBioo  of  the  water. 
At  stage  ly  the  waves  were  catting  a  terrace  out  qf  a  pre-exiatent 
embankment.of  shingle  and  gravel  As  the  water  sank  tbesapply 
of  drift  from  neighboring  cliffs  seems  to  have  increased  so  that 
terrace-cutting  gave  way  to  terrsce-baildiug.  The  partionlar  sec- 
tion selected  for  meaenreraent  shows  the  wave-boilt  terrace  at  its 
narrowest  part     Farther  east  it  is  many  times  broader. 

Along  the  line  of  examintion  the  cutting  action  which  produced 
the  terrace  of  strand  IV  had  eaten  bock  into  an  embankment  of 
shingle  to  tbe  Hue  of  a  beaob  of  a  former  higher  stage  of  the  lake. 
For  at  the  rear  of  the  terrace  a  low  sea-cliff  of  shingle  rises  with  a 
slope  of  28  degrees  and  this  slope  is  nearly  coincident  with  the 
frobt  slope  of  a  very  distinct  shingle  beach  with  a  hollow  behind 
it,  the  crest  of  which  is  43  6  feet  above  the  lake  (V).  Above  the 
level  of  tbis  beach,  the  slope  of  the  bill  rises  gently  with  an  noda- 
lating  profile,  and  presents  a  surface  of  gravel  obecared  by  forest 
loam  and  shrubbery.  In  this  vaguely  ncdnlatitig  profile  which 
was  plotted  to  a  large  scale  |^th  great  care,  in  the  field,  only  two 
shore  Hups  are  distinctly  registered,  viz:  one  at  an  elevation  of 
55.9  feet  (VI).  in  the  form  of  a  terrace  26  feet  wide,  and  another 
at  113.5  feet  (X),  where  the  last  of  the  gravel  was  observed. 
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Less  than  liolf  a  mile  farther  west,  however,  two  still  higher 
strand  lines  were  observed  and  their  altitudes  measnred.  The 
lower  of  these  is  a  terrace  127.3  feet  high  (XI)  which  is  well  sees 
from  a  distance  towards  evening,  bnt  which  is  leas  apparent  at 
dose  qoarters.  The  higher  is  a  distinct  bnt  not  an  extensive 
gravel  terraoe  encircling  low  glaciated  domes  of  rock  at  an  eteva- 
'  tion  of  162.6  feet  (XV).  This  npper  terrace  is  nearly  on  a  level 
with  the  lower  part  of  the  bold  blaff  which  overlooks  Grand 
Marais  on  its  sonthwest  side.  This  bli^ff  presents  vertioal  walls 
From  20  to  50  feet  high  and  was  a  sea-cliff  when  the  water  stood  at 
the  163  6  foot  level.  Oo  the  east  side  of  Grand  Marais  village  a 
trail  goes  np  over  the  hilL  This  was  followed  to  the  summit  of 
tiie  pass,  about  750  feet  above  the  lake,  in  search  of  higher  strand 
lioee.  Bat  altbongh  the  trail  passes  almost  continaoasly  over 
monunic  aooamolatioQs,  no  trace  of  a  shore  line  was  observed  at 
levels  higher  than  that  last  recorded. 

Series  14.~Kimbair3  Creek — From  Orand  Marais- eastward  a 
low  terrace,  corresponding  to  strand  line  IV  or  the  29.1  feet  terrac 
it  Grand  Maraia,  may  be  observed  for  several  miles  along  the 
ooost  as  far  as  Gow-tongae  point.  Higher  traces  of  shore  lines 
aifldonbtlesB  present,  bat  they  are  utterly  obscured  by  the  jungle. 
At  the  bottom  oE  the  bay  below  Cow-tongue  point  three  terraces 
are  observable  from  the  lake,batonIy  twoof  these  could  be  located. 
The  third  eluded  oar  search  although  it  must  have  been  covered 
by  ns  in  oar  exoarsiou  in  quest  of  it  near  Kimball's  creek ;  and  the 
second  was  difficult  to  locate  with  precision  on  acconnt  of  the  lack 
of  contrast  between  its  slope  and  that  of  a  pre- existent  slope  of 
rock  in  which  no  cliff  had  been  carved.  This  terrace  has  a 
measured  minimum  elevation  of  80.1  feet  (VII),  and  its  maximum 
ifl  within  two  or  three  feet  of  this  figure  It  is  evidently  neither  a 
wave-out  nor  a  wave-built  terrace,  but  might  be  classed  as  a  cnrreat- 
bnilt  terrace.  Below  this  is  a  flat  clearing  on  which  stands  a  half- 
breed's  house.  The  flat  is  the  first  of  the  three  terraces  referred 
to.  At  its  rear  it  is  28.5  feet  high  (IV),  and  above  it  rises  a 
steeply  inclined  sea-cliff  carved  out  of  the  primary  embankment, 
whose  npper  surface  constitutes  the  second  terraoe.  Farther  along 
the  shore  this  terrace  is  again  seen  about  a  mile  below  Fiah-hook 
point,  and  again  below  the  mouth  of  Brul^  river,  where  it  is  being 
out  into  by  the  wave-action  so  as  to  present  the  scarp  of  a  sea- cliff 
rising  above  the  existing  shore. 

Series  15. — Horseshoe  Bay. — At  the  bottom  of  Horseshoe  bay 
there  is  a  very  remarkable  and  striking  aeries  of  three  beautif  ally 
developed  beaches.    The  bay,  as  its  name  implies,  is  not  long  pro-^^  , 
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portionate  to  ita  width,  bat  its  shores  ooDverge  towards  the  nppei 
end  and  the  wave  action  has  been  exceedingly  eoergetio  in  oonse- 
qnenoe  of  this  rapid  coDvetgenoe.  Vertical  cliffs  of  massive  gab- 
bro  in  the  vioinity  of  the  bay,  particalarly  on  its  west  side,  where 
they  rise  to  an  elevation  of  50  feet,  have  eapptied  the  material  of 
which  the  beaohee  are  oouatraoted.  There  is  also  s  sparing  admix- 
tnre  of  glacial  erratios.  The  remarkable  feature  abont  the  beaches 
is  that  there  is  no  shingle  or  gravel  or  any  fine  material  whatever 
in  their  composition.  They  are  strictly  bonlder  beaches  resem- 
bling ridges  of  cannon  balla,  although  there  are  as  many  sab-ui- 
gular  boalders  as  rounded ,  ones.  [See  PI.  VIII,  Fig.  2.]  The 
crest  of  the  lowest  of  these  beaches  is  only  20  feet  horizontally 
distant  from  the  present  shore  line-  and  its  crest  is  11.9  feet  (I) 
above  the  lake.  The  crest  is  strikingly  horizontal  and  carves  par- 
allel to  the  contour  of  the  shore.  It  may  be  the  storm  beach  of 
tjie  present  stage  of  the  water,  but  the  size  of  the  boulders  which 
range  on  an  average  from  6  inches  to  12  inches  in  diameter,  sug- 
gest that  the  crest  was  built  up  when  the  water  was  somewhat 
higher  than  now.  Behind  this  beach  there  is  a  slight  depresaioD 
and  behind  this  the  second  boulder  beach  rises  to  an  elevation 
along  its  crest  of  17.6  feet  (II).  The  distance  between  the  tvo 
beaches  from  orest  to  crest  is  about  100  feet.  The  boulders  of 
which  this  beach  is  composed  do  not  on  the  average  vary  much 
from  12  inches  in  diameter.  This  second  beaeh  is  again  followed 
by  the  usual  parallel  hollow  and  behind  this  rises  the  third  and 
most  imposing  l>eaoh  of  the  three.  The  crest  of  the  latter  is  200 
feet  distant  from  that  of  the  second  beach  and  is  38.6  feet  high 
(lY).  The  front  of  this  beach  is  not  a  simple  slope  as  is  the  case 
with  the  two  lower  beaches,  but  its  proEle  shows  a  distinct  step- 
like feature  in  its  lower  part  snob  as  may  be  some  times  seen  in 
clear  water  on  the  subaqueous  slope  of  some  of  the  living  beaches 
of  the  lake.  The  component  boulders  of  this  beach  are  percepti- 
bly larger  than  those  of  the*  lower  beaches,  the  average  diameter 
being  over  12  inches.  Many  were  measored  which  greatly  exceeded 
this  dimension.  This  beach  was  clearly  developed  as  a  bar  across 
the  bay  when  the  water  was  at  stage  IV,  for  behind  the  beach 
there  is  a  broad  expanse  of  marshy  ground  much  lower  than  the 
beach,  which  represents  the  lagoon  formed  by  the  establishment  of 
the  l>each  bar.  At  higher  elevations  of  the  surface  of  the  water, 
Horseshoe  bay  would  have  been  merged  with  the  common  expanse 
of  the  lake  and  the  shore  carried  further  inland  than  the  range  of 
oar  observations. 
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Series  16. — Double  Bay — A  fine  display  of  terraoe  topography, 
TiBibte  throagh  thebamt  and  still  BtaDding  timber,  meets  the  view 
OD  entering  Doable  bay.  The  present  shore  Hue  is  backed  by  a 
steep  aea-cliff  which  is  being  carved  oat  of  an  embankment  which 
ig  probably  fundamentally  morainic,  although  modified  in  form 
by  shore  action  of  former  high  stages  of  the  lake.  Nomeroos 
bonldera  are  worked  oot  of  the  embankment  and  are  strewn  along 
the  present  shore,  but  it  is  largely  also  composed  of  clayey 
material.  Stretching  back  from  the  brink  of  this  eea-cUS  is  a 
nearly  flat  terrace,  which  is  about  a  qnarter  of  a  mile  broad,  and 
which  spans  the  entire  breadth  of  the  embayment.  The  rear  of  this 
terrace  is  abont  32  feet  above  the  lake  (IV).  Above  it  riaes  a 
second  sea-oliff  followed  by  another  broad  terrace  similar  to  the 
first,  having  an  altitude  at  its  rear  which  measured  85.8  feet  (YU). 
This  second  sea-oIifF  is  not  continuously  distinct.  Above  it  spreads 
ont  a  broad  sloping  plain  which  varies  in  width,  according  to  the 
topography  of  the  rooky  slope  which  here  begins  to  emerge 
through  the  euperincumbent  embankment.  Along  the  line  of 
section  measured,  this  terrace  is  aboot  a  half  mile  wide  and  abuts 
noon  a  rocky  slope ;  the  line  of  abutment  is  horizontal,  and 
although  no  well-marked  sea-oliff  has  been  developed,  owing  to  the 
resistant  character  of  the  rock,  it  may  with  great  probability  be 
taken  to  mark  approximately  a  shore  Una  Its  elevation,  aa 
measured  is  160.5  feet  (XIV).  Od  top  of  this  rocky  ridge  at  an 
elevation  of  278.9  feet,  and  at  a  distance  inland  of  about  a  tenth  of 
a  mile  from  the  rear  of  the  last  mentioned  terrace  was  found  a 
dietinot  gravel  bar  surrounding  low  rooky  knolls  and  spanning 
the  gaps  between  them.  To  the  northeastward  this  beach  appears 
to  merge  into  a  terrace  which  abuts  upon  the  precipitous  flanks  of 
a  spur  of  Farquhar's  Knob.  Thereat  of  this  terrace  would  be  a 
few  feet  higher  than  the  figures  given  for  the  elevation  of  the 
gravel  bar,  but  its  precise  elevation  was  not  determined.  It 
doubtless  corrcBpouds  to  strand  XXI. 

Seriea  17.— Grand' Portage— It  was  hoped  from  a  distant  in- 
spectioD  of  the  topography  of  the  pass  through  the  hilla  at  Grand 
Portage,  from  its  being  fairly  free  from  timber,  and  from  its  gentle 
grade,  which  renders  the  country  accessible  for  some  miles  from 
shore  within  moderate  limits  of  elevation,  that  the  registration  of 
the  ancient  strand  lines  of  lake  Superior  would  at  this  place  be 
ioUer  tiian  osaaJ.  This  hope  was,  however,  not  fulfilled,  and  only 
a  few  of  the  strand  lines  were  satisfactorily  located  by  carrying  a 
line  of  levels  along  the  portage  trail.    From  the  nature  of  the  em- 
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bajment  in  the  hiHs  it  is  evident  at  a  glance  that  at  the  higher 
stagra  of  the  water  Grand  Portage  bay  mast  have  extended  eeveral 
miles  inland  and  have  had  a  somewhat  irregolaT  shore  oontonr 
with  sharp  indentations,  partioalarly  on  its  west  side.  From  the 
preoipitoos  character  of  the  blaffs  or  promontories  which  limit  the 
embayraeut  on  either  side  it  is  presnmM  that  very  little  of  the 
general  shore  drift  foand  a  lodgment  in  the  bay,  and  whatever 
embankments  may  have  aooamolated  wonld  lie  of  local  derivation. 
The  fact  that  the  general  shore  drift  did  not  find  its  way  into  the 
bay  at  the  higher  stagee  of  the  lake,  either  aronnci  Mt.  Josephine 
on  the  east  or  the  bold  precipices  which  rise  on  the  west  of  the 
embayment,  is  evidenced  by  the  absence  of  such  drift  on  the  wave. 
4^o.t  terraces  which  oontonr  these  preoipitoos  slopes  on  either  hand, 
as  will  be  noted  later.  In  spite  of  this  exolosion  of  the  general 
shore  drift,  there  is  evidence  that  at  probably  all  recorded  stages 
of  the  water,  the  water  was  in  the  middle  parts  of  the  bay  as  it  is 
now,  always  shallow,  and  that  waves,  although  very  effective  on 
the  neighboring  steep  slopes  where  the  water  was  deep,  left  oom- 
paratirely  feeble  traces  of  their  action  on  the  sncceseive  shores  at 
the  head  of  the  bay.  The  conditions  which  have  favored  an  ex- 
cessive accomalatioQ  of  local  detritus  in  the  bay  and  rendered  it 
shallow  from  the  highest  stages  of  the  lake  down  to  the 
present  are,  (1)  the  presence  of  a  massive  morainic  ridge  oroasing 
the  valley  abont  foar  miles  north  of  the  village,  and,  {2)  a  small 
stream  catting  thtough  it  which  has  built  op  a  soooession  of  slop- 
ing delta  plains,  each  of  which  has  been  cot  through  in  torn  as  l^e 
level  of  the  lake  dropped.  The  higher  and  older  delta  plsins 
appear  to  be  much  more  extensive  than  the  later,  and  itis  a  possible 
case  that  at  the  time  of  their  building  the  stream  flowed  fron> 
beneath  ice  still  lingering  behind  the  moraine  in  the  npper  part 
of  the  valley.  The  highest  delta  forms  a  very  distinct  broad  plain 
which  has  been  terraced  by  the  stream,  but  which  cannot  be  dear- 
ly separated  at  ite  rear  from  the  present  front  slope  of  the 
moraine.  Half  a  mile  or  more  in  front  of  the  moraine  there  pro- 
jects through  the  plain  a  rocky  glaciated  dome  a  few  hundred  feet 
in  diameter.  The  abatment  of  ttie  plain  upon  the  steep  slopes  of 
this  island-like  mass  of  bare  rook  is  very  sharp.  An  insjwctioD  of 
the  surface  of  the  rock,  which  is  uneven  in  detail  on  top,  warrants 
the  belief  that  it  was  not  submerged  at  the  time  of  the  formatitm 
of  the  plain  which  encircles  it,  and  that  it  was,  therefore,  but  little 
above  the  level  of  the  water  which  conditioned  the  slope  of  the 
[dain.  The  elevation  of  the  plain  at  this  poiot  was  measured  at 
339.7  feet,  which  altitude  is  placed  in  the  table  as  representing 
approximately  strand  line  XXVII.  cgnzeii  i:;,  CiOOqIc 
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A  higher  terrace  was  also  •bserved  abutting  on  a  rocky  slope  at 
an  elevation  of  458  feet,  bat  the  bmshy  character  of  country  ob- 
scnred  its  relation  to  that  just  mentioned  and  itooold  not  be  deter- 
mined to  be  distinct  from  it. 

Farther  down  the  ralley  on  a  lower  delta  elope  are  two  low 
beach-like  ridges,  one  at  264.7  feet  (XX),  and  another  at  231.8  feet 
(XVUI),  which  appear  to  have  been  barriers  thrown  ap  by  the 
breakers  in  a  shallow  bay  at  some  distance  front  the  shore  and 
similar  to  the  barrier  which  is  now  forming  in  Grand  Portage  bay. 
On  a  still  lower  delta  plain  and  much  nearer  the  lake  is  still  an- 
other low  barrier  ridge  which  has  an  eleyation  of  103.6  feet  (IX). 
The  church  of  the  village  atands  on  a  terrace  which,  at  its  rear,  at 
the  foot  of  a  low  and  worn-down  cliff  carved  ont  of  delta  material, 
is  747  feet  high  (YII).  Immediately  to  the  lakeward  side  of  the 
chorch  the  ground  drops  steeply  to  the  level  of  the  terrace  on 
which  the  village  is  built  This  drop  represents  a  sea-cliff  which 
is  one  of  the  most  striking  shore  featturea  of  Orand  Portage.  The 
terrace  which  extends  out  from  iia  base  is  37.9  feet  above  the  lake 
(IV).  There  is  still  a  lower  terrace  the  rear  of  which  ie  about  8.6 
feet  above  the  lake  (I).  The  present  bay  is  shallow  out  as  far  as 
'  Grand  Port^e  island  so  that  the  waves  break  before  reaching 
shore;  and  one  of  the  results  of  this  is  the  development  of  a  sub- 
aqueous ridge  or  barrier  parallel  with  the  shore  line.  Boats  draw- 
ing over  a  foot  of  water  may  ground  on  this  barrier,  but  between  it 
and  the  shore  the  water  is  deeper.  The  barrier  as  yet  appears  no- 
where above  the  surface  of  the  lake  and  probably  it  will  never  so 
develop  into  a  barrier  beach,  bat  always  remain  subaqueous  since 
heavy  storm  waves  necessary  for  the  throwing  up  of  the  initial 
Rubaerial  ridge  can  not  reach  this  line  on  account  of  the  lakeward 
shooL 

Series  18. — Mount  Josephine.  The  south  side  of  Mt.  Jose- 
phine presents  a  sacoeesion  of  strand  lines  most  of  which  are  ex- 
ceptionally well  defined.  The  mountain  is  a  ridge  aboat  800  feet 
high  and  consists  of  a  great  dyke  of  gabbro  or  diabase,  to  both  of 
the  steep  flanks  of  which  a  selvage  of  southerly  dipping  slates  and 
qnartzite  of  the  Animikie  is  still  adhering  up  to  varying  eleva- 
tions. The  extremity  of  the  ridge  jutsout  into  the  lake  as  a  sharp 
point  which  forms  the  eastern  limit  of  Grand  Portage  bay  and  is 
known  as  Hat  point.  The  most  striking  and  most  heavily  scored 
oE  the  strand  lines  is  a  wave  cut  terrace  (XXX)  which  contours 
the  side  of  the  ridge  at  ao  elevation  of  509.6  feet  and  sweeps 
around  in  a  beaatifalty  shaped  curve  where  tbe  ridge  abuts  upon 
the  main  mass  of  rock  from  which  it  is  a  spur.    The  timber  h^s 
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been  bamt  over  a  portion  of  the  hillsicle  so  that  the  oharaoter  of 
the  terrace,  as  a  heavily  cat  ahelf,  perfeoUy  horizontal,  projeeted 
against  the  side  o£  the  hill,  attracts  the  eye  from  a  long  way  off, 
and  excites  the  curiosity  of  even  the  casual  observer  as  a  peculiar 
faatore  of  the  landscape.  At  close  quarters  the  terrace  was  fonnd 
to  be  about  100  feet  wide,  to  have  a  gentle  lakeward  slope  for  thie 
distance,  and  then  to  drop  away  into  a  steep  declivity  of  the  hilU 
side.  At  its  rear  rises  a  steep  cliff  which  is  partly  the  side  of  the 
grflat  dyke,  partly  the  iudaoated  slates  adhering  to  the  dyke,  and 
partly  a  wall  of  the  dyke  rock,  farther  in  than  its  original  side 
wall,  which  has  been  established  by  the  catting  action  at  the  level 
of  the  terrace.  The  terrace  is  strewn  with  great  blocks  which 
have  fallen  from  the  vertical  cliff,  and  at  one  place  a  considerable 
talus  has  aconmulated  in  great  part  since  the  wave-action  ceased. 
There  is  a  considerable  proportion  of  glacial  drift  over  the  lower 
flanks  of  the  ridge  and  this  seems  to  have  extended  up  to  the 
Bummit  of  the  ridge  since  there  are  some  northern  erratics  strewn 
over  the  surface  of  the  terrace.  It  is  possible  that  the  terrace  may 
in  part,  particularly  at  its  northern  end,  be  cat  oat  of  a  morainio 
damp.  The  sammit  of  Mt.  Josephine  is  heavily  glaciated.  A 
small  portion  of  beach  shingle  and  gravel  is  strewu  over  the  but-  - 
face  of  the  terrace.  The  posBibility  of  the  terrace  being  a  feature 
of  differential  degradation  was  critically  considered  on  the  gronnd 
but  all  the  evidence  observed  made  clearly  for  its  wave  wrought 
origin.  The  facts  that  the  strata  dip  southerly  while  the  rear  of 
the  terrace  is  horizontal,  that  the  slope  of  the  terrace  is  outward 
and  independent  of  the  dip,  and  that  the  terrace  character  is  main- 
tained where  it  awinga  in  the  carve  of  the  . away  from  the 

line  of  the  dyke,  indicate  at  once  that  its  form  and  sitaation  are 
not  oonditiooed  by  the  atrncture  of  the  rocks.  The  terrace  is 
further  interesting  as  yielding  to  accurate  measurement  figures  for 
its  altitude  which  are  identical  with  those  obtained  for  the  equally 
well-defined  etrand  line  (seriee  3)  at  Hardy's  sohoolhonse  in  East 
Dulnth. 

This  terrace,  although  the  most  pronounced  of  the  dents  id  the 
west  side  of  Mt  Josephine,  is  not  the  highest  There  are  two 
higher  and  presumably  older  terraces,  neither  of  which  is  so  ex- 
tensive along  the  hillside  nor  so  wide.  Both  of  these  are  maoh 
alike  in  their  general  character,  and  in  the  measure  of  their  ex- 
tent and  they  rise  one  above  the  other.  They  are  oontinuoos  for 
only  a  few  hundred  yards  and  both  vary  from  about  30  to  50  feet 
in  width.  Both  are  backed  by  a  sea-cliff  and  both  are  strewn  with 
blocks  of  rocks  derived  from  it  and  from  drift  aoonmolatioDs. 
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These  terraces  are  reapeotively  587.2  feet  (XXXIl)  and  607.3  feet 
(XXXIII)  above  the  lake.  One  of  them  is  a  piomioeiit  feature  of 
the  hillside  as  a  distinct  horizontal  ehalf  visible  at  long  distance; 
the  other  is  not  so  apparent,  owing,  donbtless,  to  the  thickened 
Ehmbbery.  It  is  suggested  in  explanation  of  their  short  extent, 
that  they  lie  in  a  slight  embsyment  on  the  side  of  this  ridge  and 
so  somewhat  proteeted;  while  their  oontinnation  on  the  more  sal- 
ient portions  of  the  ridge  has  been  nndermined  and  cat  away  by 
the  seme  wave  action  which  resalted  in  the  devlopment  of  the 
broader  terrace, at  509'  feet.  These  two  terraces  at  667  feet  and  €07 
feet  are  remarkable  for  being  the  higheet  strand  lines  which  have 
thus  far  been  obserred  on  the  coast  of  lake  Saperior. 

Lower  on  the  same  slope  of  Mt  Josephine  are  two  other  sharply 
scored  bnt  narrow  terraces  which  lie  well  within  the  nnbornt  tim- 
ber and  which  are  therefore  not  apparent  at  a  distance.  The  firat 
of  tbem  in  descending  order  is  at  an  elevation  of  313.5  feet  (XXII) 
and  the  second  at  ^6.1  feet  (XVIII).  Both  are  readily  observable 
on  the  trail  which  crosses  Mt.  Josephine  from  Grand  Portage  to 
Wanawangoning  bay,  and  both  appear  to  be  cat  oat  of  the  accum- 
ulation of  drift  which  here  mantles  the  rocky  base  of  the  ridge. 
StiU  further  down  at  the  base  of  the  hill  is  a  boulder  beach  (Y) 
the  crest  of  which  is  43  feet  above  the  lake;  and  between  this  and 
the  shore  there  is  again  a  drop  in  the  general  slope  to  an  even  ter- 
race which  is  19.9  feet  (III)  high  at  its  rear,  and  which  extends 
for  less  than  100  yards  to  the  brink  of  the  sea-cliff  of  the  present 
shore.     This  last  sea-cliff  has  a  hight  of  13  foet 

Seriea  19. —  Wauawaugoning  Baj.— Wauswaugoning  bay  is  lim- 
ited on  the  southwest  side  by  Hat  poiut  and  on  the  northeast  by 
the  base  of  Pigeon  point  The  shore  along  the  side  of  Hat  point 
is  a  precipitous  cliS  without  a  beach  or  visible  shelf  at  its  base, 
and  the  water  is  deep.  This  line  of  high  cliff,  rising  in  places  to 
a  hight  of  800  feet,  is  oontinuoos  around  the  embayment,  but 
leaves  the  shore  line  aboat  half  way  from  the  extremity  of  the 
point  and  sweeps  ronnd  to  tiie  vicinity  of  Pigeon  falls  roughly 
parallel  to  the  shore,  bnt  usually  several  hundred  yarde  distant 
from  it  At  the  base  of  Pigeon  point  the  ground  is  low,  and  at 
higher  stages  of  the  water  Pigeon  point  was  either  an  island  or  was 
completely  sabmei^ed  so  that  portion  of  the  sediment  of  Pigeon 
river  then  found  its  way  into  Wauawaugoning  bay.  But  as  Pigeon 
river  is  a  new  stream,  being  a  succession  of  cataracts  and  etretohee 
<rf  still  water,  the  sediment  is  small  in  quantity  and  very  fine  bo 
l^t  it  supplied  practically  no  material  which  would  remain  in  the 
lone  of  shore  drift  on  a  wave-beaten  shore.     Its  sediments  have 
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taken  the  form  of  a  delta  at  the  head  of  Pigeon  bay  where  pro- 
tected froin  wave  Hotion.  The  Pigeon  river  is  clearly  a  very  re- 
cent drainage  and  it  Beeme  probable  that  the  ancient  oatlet  iras 
into  Grand  Portage  bay.  Thie  dearth  of  stream  detritus  has  char- 
acterized the  Bhores  of  Waujawangoning  bay  at  all  stages  of  lake 
Saperior,  there  being  no  other  etream  catting  throogh  or  tnmbling 
over  the  oliffe  which  rise  around  it  In  this  respect  the  bay  presents  a 
marked  contrast  to  the  neighboring  bay  at  Orand  Portage  with  its 
heavy  deltas.  The  contrast  between  the  two  bays  is  perhaps  beet 
seen  in  the  obaraoter  of  the  strand  line  regiDtratiopa.  The  higher 
stages  of  the  take  were  not  atroagly  registered  at  the  head  of 
Q-rand  Portage  bay  beoaase  of  the  lack  of  oontraet  between  the 
snbaerial  and  sabaqaeoos  slopes  of  the  delta.  At  the  head  of 
Waaswangoning  bay  the  water  tine  of  the  tiigher  etage  was  not 
r^stered  at  all,  becaase  the  shore  was  along  the  face  of  Tertiool 
oliEFa  of  pre-lacnstrine  origin.  As  the  lake  snbsided  the  water 
enrf Boe  reached  the  tains  of  the  cliffs  and  terrace  lines  were  doabt- 
tess  carved.  Bat  in  the  vicinity  of  the  clifFs  the  growth  of  the 
talna  since  the  water  sabeided  has  rendered  them  anrecognizable  ; 
and  it  is  only  when  we  come  to  oomparitively  low  stages  of  the 
lake,  where  on  the  gentler  slopes  of  the  tains,  conditions  have 
tteen  favorable  for  the  carrying  of  a  bar  across  the  head  of 
the  l>ay,  that  permanent  strand  lines  have  been  established. 
These  bars  form  two  magnificent  beach  embankments  with 
lagoon  hollow  behind  and  nndalatory  slope  in  front.  They  are 
composed  entirely  of  course  shingle  of  qaartzyte  and  hard 
siliceoas  slate  which  mostly  weather  red.  The  vegetation  has 
been  burnt  oS  and  the  cresta  are  remarkably  sharp  and  contina- 
onsly  horizontal  lines,  which  by  their  color  and  distinctness  give 
a  striking  character  to  the  landscape.  The  npper  of  these  two 
beaches  is  76.5  feet  (VII)  above  the  lake  and  the  lower  43.7  feet  (V). 
Series  20. — Near  Birch  Island. — Oatside  of  Waoswaagoning 
bay  on  the  eoath  side  of  Pigeon  point  end  about  half  a  mile  eaat 
of  Birch  island  there  is  a  fine  display  of  storm  beaches.  The 
material  of  which  they  are  bnilt  is  the  detritas  of  the  redduh 
Animikie  qaartzyte  wtiioh  is  the  prevalent  rock  on  this  part  of  the 
coast  The  shore  is  well  exposed  to  aoatherly  winds.  The  beaches 
although  well  developed  are  here  only  foond  at  comparatively  low 
altitudes,  there  being  no  high  slopes  upon  which  embankments  of 
higher  stages  of  the  lake  could  he  lodged.  Three  distinot  beaoh. 
crests  rise  one  above  the  other  all  having  the  same  general  char- 
acter. The  first  of  these  is  within  reach  of  the  waves  of  tho 
present  stage  of  the  lake  and  is  possibly  the  living  storm  beach  ia 
Dgiize.  ..Google 


STATE  mOLCMHST.  265 

prooen  of  gnnrtii  or  having  attaiDed  its  maximom  growth.  Its 
nart  IB  sharp  and  nniEormtly  level  at  13. 6  feet  above  still  irater  ( I ). 
Abont  150  feet  from  this  crest  rises  the  second  beach  equally  sharp 
and  distinct,  with  an  elevation  of  17.4  (II).  On  the  front  slope 
of  tiiia  beach  ia  a  subordinate  shelf-Uke  featnra  There  is  no  per- 
oapttble  depression  in  the  150  feet  of  space  between  the  two  beach 
lines.  The  third  beach  crest  is  abont  100  feet  behind  the  second 
and  there  is  a  slight  depressiou  between  the  two.  There  is  a 
depression  behind  the  third  beach,  i.e.,  between  it  and  the  rooky 
■lope  npon  which  it  has  been  banked  op.  The  third  beach  has  an 
elevation  of  21  feet  (III).  All  three  beaches  are,  like  those  of 
series  19,  absolately  devoid  of  soil  or  fine  material  of  any  kind. 
There  is  no  Uown  sand  to  obBonre  their  characters  as  perfect 
vave-bnilt  embankmeTitB  of  shingle  and  gravel  spaDoing  the  bay 
between  two  rooky  ridges. 

Series  31. — Pigeon  Point. — From  the  abandoned  ranch  at  the 
month  of  Pigeon  river  a  trail  orosses  Pigeon  point  to  the  shore  on 
the  Bonth  side.  This  bnil  is  transverse  to  the  trend  of  the  rooks 
and  between  the  two  main  ridges  is  an  embayment  which  opens  to 
the  sooth-east  on  the  south  aide  of  the  point.  The  trail  in  oroseing 
this  embayment  follows  the  crest  of  a  shingle  beach  which  spans 
it  The  total  length  of  the  beach  is  something  less  than  one>eighth 
of  a  mile,  there  is  no  breach  in  it  and  behind  it  is  a  well  defined 
lagooB  hollow.  The  orest  of  the  beach  was  foond  to  have  an  ele> 
vation  of  75.6  feet  (YII).  On  the  front  of  the  embankment  which 
cnlmiiiatee  in  this  beach  a  second  beach  has  been  developed  at  an 
altitude  of  56.6  feet  (VI).  It  is  probable  that  several  other  beaches 
lie  between  this  and  the  shore,  bnt  the  interval  is  heavily  timbered 
and  definite  resnlts  are  scarcely  obtainable. 

Series  22. — Pigeon  River. — At  the  month  of  Pigeon  river,  on  the 
Canadian  side,  there  are  three  fairly  distinct  traces  of  shore  action. 
They  are  fonnd  on  the  south  side  of  the  point  of  land  which  sep- 
aratee the-canon  of  the  Pigeon  from  Pigeon  bay.  The  highest  ia 
of  the  nature  of  a  short  gravel  bar,  connecting  two  projecting  masses 
of  rock.  It  ia  about  one  foot  lower  in  its  middle  than  at  the  sides 
where  it  abate  npon  the  rock.  Its  elevation  at  the  latter  place  was 
foond  to  be  134.3  feet  (XII).  The  fine  character  of  the  gravel 
(mostly  of  elate),  and  the  low  cnrvatore  of  the  bar  indicates  devel- 
opment under  sheltered  conditions,  each  as  the  local  topography 
woald  suggest.  On  the  lower  fianks  of  the  hillside  are  two  distinct 
terraces,  one  at  60.8  feet  (YI)  and  another  at  18.2  feet  (III),  both 
of  which  Bxe  probably  rather  to  be  strictly  interpreted  as  stream 
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terraces  of  the  Pigeon,  bnt  being  at  ite  month  and  below  rapid 
water,  they  represent  very  oloeely  the  stages  of  the  lake  at  whieh 
they  were  developed. 

Series  23 — McKellar^s  Point. — The  soath  side  of  MoKellar'a 
point  near  its  extremity,  has  afforded  conditions  eminently  favora-' 
ble  for  the  aocumnlation  of  a  serieo  of  ehingle  beaches,  viz:  A  cove 
between  rooky  blnfFs,  high  Bea-cliffs  on  either  side  shedding  frag- 
ments of  qnartzyte,  hard  slate  and  trap  through  varions  successive 
stages  of  the  lake,  and  expoaare  to  the  fall  sweep  of  the  lake  from 
the  south.  The  faot  that  the  beaches  have  accamulated  on  one 
side  of  a  narrow  ridge-like  promontory  has  insured  them  from  in- 
tersection by  drainage  lines  and  thus  they  are  remarkably  perfect 
in  form.  They  have  been  protected  also  by  forest  growths  bnt  these 
have  recently  been  removed  by  fire  up  to  about  100  feet  above  the 
lake,  leaving  the  bare  red  banks  of  shingle  and  boulders.  It  is 
qaite  noticeable  in  comparing  the  different  beaches  of  the  series 
that  the  material  composing  the  higher  ones  is  coarser  than  that 
of  the  lower.  In  the  higher  beaches,  the  embankment  is  mode  np 
essentially  of  boulders  in  which  the  flattened  shingle  oharaoter  is 
comparatively  rare.  They  are  mostly  subangular  and  have  an 
average  diameter  of  over  six  inches  according  to  deliberate  estimate 
made  on  the  ground.  There  is  in  these  higher  beaches  nothing 
which  might  be  termed  gravel.  In  the  lower  beaches  the  ehingle- 
like  oharaoter  of  the  drift  is  pronounced.  Some  of  the  higher 
beach  accumnlatione  have  been  cut  into  by  the  wave  aotion  at  lower 
stages,  so  that  a  part  of  the  old  material  of  the  higher  beaches 
has  been  worked  over  in  successive  zones  of  shore  attrition.  It  i& 
possible  that  the  lower  aooamalations  may  be  mostly  oomposbd  of 
material  derived  from  the  older  and  higher  aocnmolations,  and  if 
BO,  the  contrast  in  form  and  size  of  the  pebbles  would  be  acoonnted 
for.  The  same  contrast  in  the  character  of  the  beaoh  matmal  was 
observed  on  Wauswangoning  bay  though  to  a  less  marked  d^ree. 

The  series  of  strand  lines  on  McKellar's  point  is  divisible  into 
three  parts.  The  highest  is  a  boulder  beach  that  spans  the  em- 
bayment  at  an  elevation  of  137.6  feet  (XII).  Between  this  and 
the  next  beach  there  is  an  interval  of  perhaps  two  hnndred  yards 
in  which  no  distinct  shore  lines  were  observed.  This  beaeh  con- 
stitutes the  first  of  the  three  divisons  of  the  series  and  seems  to  be 
distinct  from  those  which  follow.  At  about  100  feet  altitude  we 
come  well  within  the  burnt  timber  and  at  the  same  time  apon  the 
second  division  of  our  series.  This  division  consists  of  a  oontin- 
aous  sacoession  of  beaches  extending  over  a  horizontal  distauoe  of 
about  300  feet.  The  actual  figures  obtained  by  levelling  were  for 
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the  highest  of  the  sncceuioD  101.4  feet  (IX)  and  for  the  lowest 
82.2  feet  (Til).  Between  the  two  beaohes  at  these  respeotiTe 
elevationB,  there  are  three  distinct  intermediate  ridges,  of  whioh 
the  middle  one  is  perhbpe  the  moet  pronoanced  and  has  an  elevation 
of  89.7  feet  (Till).  The  sacoeseion  aeems  to  indicate,  withont 
qaefltioD,  a  gradual  reoession  of  the  lake  between  stages  IX  and 
VII.  Whether  this  gradasl  reoeesion  continaed  below  Til  or  not 
cannot  be  inferred  from  the  record  of  this  series.  For,  at  s  lower 
level  the  lake,  whether  Brrived  at  by  a  gradual  subsidence  or  by  a 
sodden  drop,  conditions  of  shore  action  were  bo  changed  that  in- 
stead of  waTe-bailding  wave-cutting  set  in.  This  resulted  in  the 
development  of  &  distinct  wave-out  terrace  and  oorresponding  sea- 
cliff,  both  carved  oat  of  the  pebble  embankment.  The  terrace  is 
■bout  100  feet  wide  and  the  sea-cliff  is  25  feet  high,  and  rises  with 
as  eteep  a  slope  as  it  is  possible  for  the  loose  material,  of  the  em- 
bankment to  li&  The  rear  of  the  terrace  was  found  to  be  18.4f6et 
above  the  lake  and  seems  to  represent  stage  T.  This  sea-cliff  and 
the  shore  featares  below  it  ooostitute  the  third  division  of  our 
series  of  strand  lines.  On  the  front  part  of  this  terrace  there  has 
been  built  up  a  distinct  but  low  beach  or  barrier  ridge  which  has 
an  elevation  of  86.3  feet  (IV).  The  front  limit  of  the  terrace  is 
againa'eliff,  almost  vertical  in  places  and  carved  out  of  shingle. 
At  the  base  of  the  cliff  is  &  beach  aocumnlation  which  seems  to  be 
the  banning  of  a  wave-boilt  terrace.  The  terrace  effect  is  some^ 
what  marked,  although  the  embankment  is  narrow.  The  maximum 
elev&tios  of  the  embankment  at  the  foot  of  the  shingle  cliff  is  8.4 
feet  (I)  and  it  is  within  easy  range  of  storm  waves  of  the  present 
lake. 

Series  24. — Thompson  Island. — On  Thompson  island  there  are 
three  strand  lines  recognizable.  Two  of  them  are  shingle  beaches 
and  the  third  is  a  line  of  wave  wrought  caves  on  the  south  side  of 
the  island.  The  island  is  a  long  narrow  ridge  composed  of  a 
great  trap  dyke  with  some  subordinate  dykes  running  parallel  to 
it  and  blocks  of  horizontal  strata  lying  between  the  dykes  or  adher- 
ing to  their  sides.  The  apper  of  the  two  beaches  lies  on  the  sum- 
mit of  the  main  dyke  at  about  the  highest  point  of  the  east  end  of 
the  island.  The  altitude  of  its  oreet  ie  97  feet  (IX).  The  lower 
beach  is  at  the  extreme  east  end  of  the  island.  Its  crest  wu  found 
tobe!t8.7feet  above  the  l^e  (IT).  Both  beaches  are  composed 
of  dean  shingle  and  pebbles  free  of  all  fine  material  and 
Mwbscnred  by  soil.  The  development  of  oaves  on  the  face  of  the 
nearly  vertical  side  of  the  main  dyke  seems  to  have  been  primarily 
wnditioned  by  weak  spots  in  the  rock  due  to  the  indosion  of  ^ 
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massee  of  Blate  in  the  trap.  The  oooorrenoe  of  a  series  of  them 
At  ibe  same  lerel  and  hanog  the  aame  getieral  duoaeter  aa  some 
smaller  oaves  developed  on  the  present  shore  can  only  be  referred 
to  shore  action.  The  oavee  are  widest  at  the  mouth  and  at  the 
bottom;  and  the  sides  converge  rapidly  inward  and  apward.  Those 
examined  were  aboat  20  to  25  feet  in  length,  and  were  about  12  to 
15  feet  high,  at  their  entrance.  The  floors  sloped  oatward.  After 
comparing  them  with  similiar  cavities  on  the  present  shore  line 
a  point  was  selected  in  the  floor  of  one  of  these  cavee  as  represent- 
ing most  probably  the  water  level,  and  it  waa  foand  by  measore- 
ment  to  be  45.6  feet  above  the  lake  (V). 

Series  25. — Shore  opposite  Flat  lalarul. — The  trap  capped  cliffe 
of  hard  slaty  sandatones  which  are  so  charaoteristio  of  the  topog- 
raphy of  Thunder  bay  have  at  all  stages  of  the  lake  afforded  an 
abondant  sapply  of  durable  shingle,  and  the  fact  that  only  a  email 
number  of  beadh  aooumnlations  have  been  observed  on  the  talus 
slopes  of  these  cliffs  is  dne  to  the  presence  of  the  timber  which 
obscures  them  from  view.  Wherever  conditions  are  favorable  on 
this  part  of  the  coast  for  observation,  by  reason  of  fire  having  re- 
moved the  timber,  or  by  reason  of  such  tains  slopes  being  within  a 
short  distance  of  the  present  shore,  the  beaches  are  observable. 
On  the  shore  opposite  Flat  island  there  is  a  set  of  three  'beaches 
which  are  entirely  analagous  to  those  described  on  MoKellar's 
point.  They  have  been  built  up  on  the  talus  which  encircles  a 
sharp  projecting  angle  in  a  line  of  vertical  escarpment.  At  the 
summit  of  the  series  is  a  great  beach  ridge  whose  normal  bight 
was  fonnd  to  be  about  105  feet  (IX),  but  which  at  one  place  is 
somewhat  higher  and  is  irregular  in  its  form,  as  if  the  effect  of  the 
storms  at  this  projecting  point  had  been  exceptionally  great  This 
higher  part  has  a  maximum  bight  of  109.2  feet.  From  this  great 
beach  ridge  a  continuous  saocesaion  of  later  beaches  extends  down 
to  a  beach  crest  which  has  an  elevation  of  86.4  feet  (Til).  The 
intervening  beaches  are  sometimes  distinct  and  sometimes  run 
into  one  another.  They  seem  clearly  to  indicate,  just  as  the 
beaches  at  MoKellar's  point  do,  a  gradual  recession  of  the  waters 
of  the  lake  through  this  distance.  Below  this  lower  beach  there 
is  again  as  at  MoKellar's  point,  a  precipitous,  here  nearly  vertical, 
sea-cliff  carved  out  of  the  shingle.  At  the  base  of  the  cliff  a  broad 
sloping  terrace  extends  out  to  the  present  shore.  The  rear  of  this 
terrace  at  the  base  of  the  cliff  is  found  to  have  an  elevation  of  45.3 
feet  (V).  On  the  front  part  of  this  terrace  at  a  distance  of  150 
feet  from  the  present  shore  is  a  low  barrier  beach,  the  crest  of 
which  is  8.8  feet  above  the  lake  (I).    The  entire  seriea  is  well 

DigilizBdbyGOOgle 


STATE  OEOLOOIBT.  269 

bued  and  the  beaoheB  above  the  seEi-cliS  are  destitatQ  at  all  v^e- 
t&tion  and  soil.  The  sea-oliff  ie  remarkable  for  its  preoipitoiu, 
wall-like  oharacter,  while  composed  o{  loose  shingle.  There  is  ho 
cementitig  material  whatever  and  the  broad  flat  obaraoter  of  the 
ahingle  alone  enablee  the  cliff  to  maintain  its  form. 

Series  26. — Shore  above  Carp  river.^I-a  the  embayment  of  the 
ooast  next  above  that  Into  which  Carp  river  flows,  the  ooontry  has 
been  bnnit  over  partially,  revealing  some  floe  shingle  beaches  at 
the  head  of  the  embayment.  These  cannot  be  Been  from  the  shore 
bnt  may  be  viewed  to  advantage  from  a  boat  some  distance  out  on 
Uie  lake.  They  are  abont  half  a  mile  inland  from  the  present 
ahoie.  The  embayment  within  which  they  lie  is  bounded  by  verti- 
cal walls  of  oolamnar  trap  resting  on  flat  Animikie  slate,  the  two 
vails  converging  and  meeting  at  the  head  of  the  embayment.  On 
the  sides  of  this  embayment,  at  the  immediate  baae  of  the  cliffs,  is 
the  remnant  of  a  terrace  which  appears  to  be  nearly  flat  and  which 
vastonnd  to  have  an  elevation  of  1641  feet  (XtY).  The  terrace 
IB  composed  of  shingle  and  gravel  with  cliff  debris  maoh  less  water 
worn.  Below  this  and  spanning  the  embayment  from  cliff  to  cliff 
is  a  great  embankment  of  shingle  the  summit  of  which  is  a  perfect 
bead).  The  distance  between  the  canon  walls  along  the  line  of 
&e  embankment  is  not  more  than  a  quarter  of  a  mile.  There  ie 
DO  breach  whatever  in  Hie  Mnbankment  Behind  the  beach,  i.  e., 
between  it  and  the  tains  of  the  cliffs  which  encircle  the  head  of  the 
embajrment  is  a  very  prononnoed  lagoon  hollow,  the  bottom  of 
which  ie  abont  ten  feet  lower  than  the  crest  line  of  the  beach.  The 
crest  (^  the  beach  is  138.2  feet  above  the  lake  (XII).  Against 
the  front  slope  of  this  great  embankment  another  beach  also  of 
Ibi^  dimensions  has  been  built  at  a  lower  stage  of  the  Iak$.  Its 
crest  has  an  elevation  of  122,5  feet  (XI).  A  little  below  this  at  an 
elevation  of  116.8  feet  is  another,  but  feebly  developed  beach  which 
probably  also  indicates  a  distinct  though  short-lived  stage  of  the 
VKter.  The  conditions  of  the  embayment  are,  it  is  perhaps  needlessr 
lo  Bay,  peculiarly  favorable  for  the  development  of  such  embank- 
nentB.  The  continuous  Hue  of  cliffs,  of  which  the  embayment  ia 
bat  an  indentation,  would,  below  the  base  of  the  trap  cap,  shed  a 
large  amount  of  fairly  hard  but  slaty  Animikie  sandstone  for  the 
brmation  of  the  shingle,  which,  traveling  along  the  shore,  from 
other  qnarter,  would  be  entrapped  in  the  embayment.  The  latter 
u  in  ground-plan,  funnel-shaped,  opening  upon  the  lake  and  es- 
p<»ed  to  northeasterly  storms. 
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Series  27.~Carp  river. — The  sides  of  the  canoD  through  whicli 
the  overflow  of  Loch  Lomond  finds  way  to  lake  Superior  by  the 
short  saocession  of  rapida  known  as  Carp  river,  contains  nameionB 
registrations  of  old  strands,  which  are  for  the  most  part  dearly 
defined.  The  canon  is  fannel-sbaped,  and  has  been  an  embayment 
at  all  the  known  stages  of  the  lake.  A  wagon  road  asoende  the 
canon  to  the  level  of  Looh  Lomond,  a  distance  of  about  two  miles, 
which  renders  the  inspection  of  the  topography  of  the  canon  an 
easy  matter.  Bising  immediately  from  the  present  shore  line 
there  is  a  rolling  sncceseion  of  small,  ill-defined  gravel  beaches  tt 
low  levels  which  were  not  regarded  as  altogether  simple  in  theii 
development,  bat  probably  as  having  been  modified  by  the  stream 
which  emerges  at  this  point.  They  seem,  however,  to  indicate  a 
gradual  recession  of  the  water  without  leaving  an  emphasis  at  any 
one  stage  to  suggest  its  longer  contin nance  than  its  associate  stagee. 
The  first  well-defined  beach  has  an  elevation  along  its  crest  of  33.8 
feet.  (IV).  This  is  followed  by  another  great  beach  of  perfect  form 
at  an  elevation  of  62.1  feet.  (V).  Above  this  are  two  terraces 
flanking  the  south  side  of  the  canon,  one  at  83.1  feet  (VII)  above 
the  lake,  and  the  other  at  106.3  feet.(lX).  Both  are  evidently  cor- 
rent-bnilt  terraces  and  may  owe  their  origin  to  stream  action:  but 
as  their  situation  is  near  the  mouth  of  the  canon,  their  level  cor- 
responds very  closely  to  that  of  the  lake  at  the  stages  when  they 
were  built,  unless  the  stream  had  a  delta  extending  far  ont  into 
the  lake,  a  feature  of  which  there  is  no  evidence  and  which  is 
highly  improbable  at  the  month  of  so  short  a  stream  arising  from 
the  overflow  of  a  clear  water  lake.  Further  up  the  road  is  another 
great  gravel  beach  which  has  been  built  up  on  the  gently  sloping 
surface  of  a  great  aconmnlation  of  stratified  gravel  which  has  once 
filled  the  canon,  bnt  is  now  cut  through  by  the  stream  to  bedrock 
again.  The  crest  of  the  beach  at  the  point  leveled  was  139.8  feet 
{XII)  above  the  lake.  The  section  afforded  by  the  sides  of  the 
stream  trenoh  shows  gravels  to  a  thickness  of  nearly  one  hundred 
feet  and  proves  that  the  canon  as  a  feature  of  stream  erosios  ante- 
dates the  high  levels  of  the  lake.  Above  this,  on  the  north  mde  of 
the  canon,  there  are  three  small  terraces,  doubtless  again  essentially 
stream  built,  but  also  as  argued  above,  representing  closely  levels 
of  lake  Superior.  They  were  found  to  have  the  following  eleva- 
tions by  our  measurementf,  viz.:  221.8  feet  (XYIII).  266.4  feet 
(XX),  288.1  feet  XXI. 

Scries  28— Pie  Island — The  "Pie"  of  Pie  island  is  a  magnificent 
example  of  the   mesa  topography  which  is  so  characteristic  of 
Thunder  bay  scenery.     A  roughly  circular  area  of  oolamnar  trap, 
Dgiize..;,  Google 
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the  remnant  of  a  onoe  exteosiTe  eheet,  lies  horizontallj'  apon  the 
fist  Animikie  Blatee.  The  edge  of  the  trap,  tof^ether  witb  that 
portioa  of  the  slate  vhich  isterrenes  between  it  and  the  Bamtuit 
of  the  talna,  preeents  vertical  vails  several  handred  feet  high. 
The  top  of  the  "Pie"  is  about  850  feet  above  the  lake.  This  mesa 
vu  sarronnded  by  waters  of  the  lake  at  its  higher  stages  beyond 
Ihe  general  npper  limit  of  the  talos,  and  it  is  doubtless  encircled 
by  corresponding  beaches  and  terraces  on  the  slopes  beneath  the 
timber.  There  are  stronK  saggestions  of  such  features  which 
STen  the  timber  cannot  olscnre.  On  the  west  side  of  the  island 
the  gronnd  has  been  cleared  and  cnltivated,  and  here  on  Mr. 
Eeeter'e  ranoh  some  of  the  strand  lines  stand  out  clearly  and  at- 
tract the  eye  at  a  distance  of  many  miles.  There  are  three  of 
them  which  were  saffioiently  distinct  at  close  qoarters  to  permit 
of  precise  location.  The  highest  of  these  is  a  broad  terrace  abut- 
ting opon  the  talos  of  the  "Pie."  It  has  the  form  of  a  great  spit, 
the  rear  of  which  is  221.5  feet  (XYIII)  above  the  lake.  It  seems 
to  be  eseentially  a  cnrrent-bnilt  stmcture,  and  there  is  no  wave- 
boilt  beach  at  its  highest  part,  the  material  of  the  terrace  being 
mostly  fine  gravel  and  broken  shale.  The  crest  or  axial  line  of 
the  spit,  however,  slopes  downward  or  lakeward  and  seems  to  have 
been  a  salient  of  the  shore  line  at  various  lower  stages,  at  which  its 
oonstmotion  was  oontinned,  and  upon  the  sides  of  which  true 
beaches  were  thrown  up.  The  profile,  both  along  the  axial  line  and 
transverse  to  it,  is  undnlatory  while  regalarly  desoending.  Among 
aeveo^l  somewhat  vaguely  defined  beaohee  which  contour  this  com- 
plexly built  Bpit,  there  is  one  very  fine  shingle  beach  which  leaves 
Qothing  to  be  desired  in  the  perfection  of  its  form,  its  linear  con- 
tinoity,  and  its  state  of  preservation.  The  crest  of  this  beach  was 
foond  to  be  136.S  feet  (XII)  above  the  lake  by  our  levels. 

The  third  strand  line  is  a  broad  terrace  which  along  the  line  of 
our  measurement  abuts  against  a  talus  of  great  angular  blocks  of 
trap.  Hera  it  has  an  elevation  of  43.5  feet  (Y)  and  slopes  away 
from  l^is  altitude,  without  any  marked  break,  to  the  low  cliff  above 
the  present  shore,  in  the  vicinity  of  Mr.  Eeefer's  honse.  More 
patient  examination  of  the  talus  slopes  of  Pie  island  where  the 
timber  is  thin,  would  doabtless  reveal  many  other  strands. 

Series 29. — BruU Point* — There  is  but  one  strand  in  this  se- 
ries, the  ooaet  being  comparatively  low.  It  consists  of  a  well  de- 
fined shingle  and  pebble  beach  in  a  small  bay  on  the  west  side  of 
the  point     The  crest  of  the  beach  was  found  to  be  347  feet   (IV) 


*Bjr  an  em»  printed  Braii  riMf.la  the  table. 
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above  the  lake.  This  beach  Beems  tu  be  oorrelative  with  s  broad  ter- 
raoe  wbioh  eztendB  far  inland  and  which  ooald  not  in  the  time 
given  to  the  inquiry  ua  discriminated  from  the  plain  of  Kaminis- 
tigoia  delt&  This  delta  has  been  developed  at  vsriooa  ancoesslTely 
lower  etages  of  the  lake  and  would  require  oarefol  and  very  criti- 
cal examination  in  order  to  win  from  it  any  record  of  definite  and 
prolonged  stages  of  its  base  level. 

Series  SO.-Kaminiatiquia. — At  the  higher  stt^jea  of  lake  Superior 
a  large  stream  swept  down  the  valley  of  the  present  EsminiBtiqaia. 
At  Eaministiquia  station  on  the  Canadian  Faoifio,  this  valley  is 
oonstricted  by  the  approximation  of  rooky  hills  which  rise  nearly 
600  feet  above  the  level  of  the  railway  at  this  point  Immediately 
below  the  station  the  valley  begins  to  open  oot  and  oontinnee  wide 
and  open  to  lake  Superior.  This  narrow  place  in  the  valley  seems 
to  have  been  the  head  of  the  delta  plain  of  the  ancient  stream. 
There  is  a  gravel  pit  close  to  the  railway  station  which  reveals 
gravel  and  sand  in  false  bedded  attitudes.  The  pit  presents  a  sec- 
tion of  a  very  extensive  terrace  which  appears  to  be  the  remnant 
of  the  old  delta  plain.  This  terrace  adheres  to  the  east  side  of 
the  valley,  the  river  in  cutting  its  way  down  through  it  in  pursuit 
of  its  steadily  lowering  base  level  having  olang  to  the  west  side  of 
the  valley.  But  with  such  an  open  valley  it  seems  probable  that 
the  waters  of  the  lake  which  conditioned  the  apex  of  the  delta  were 
not  far  distant  and  that  the  level  of  the  terrace  at  its  abutment 
against  the  rooky  slopes  of  the  caiion  indicate  approximately  the 
maximum  figures  for  an  altitude  of  one  stage  of  the  lake.  The 
level  of  the  terrace  was  found  to  be  455.1  feet  above  lake  Superior. 
It  is  placed  in  the  table  as  indicating  a  distinct  stage  of  the  lake 
(XXVIII)  with  considerable  hesitation.  It  is  not  improbable  that 
it  should  more  properly  be  correlated  with  strand  line  XXVII. 

Series  31. — Port  Arthur. — In  this  series  are  some  of  the  most 
beautiful  terraces  which  have  been  noted  among  the  strand  lioea 
of  the  north  side  of  lake  Superior.  The  seriee  is  also  unique  in 
comprising  a  well  developed  "hooked  apit."  The  effect  of  the  ter* 
races  is  strongly  accentuated  by  the  culture  which  has  been  im- 
posed upon  them.  They  are  seen  to  best  advantage,  perhaps, 
within  the  town  limits  of  Fort  Arthur,  which  is  not  yet  so  thickly 
built  up  as  to  obscure  their  character.  [See  PL  IX.  Fig.  1.]  The 
lowest  terrace  is  that  upon  which  the  business  portion  of  the  town 
is  built.  Its  rear  ends  sharply  at  the  base  of  a  sea-cliff  and  was 
found  to  have  an  elevation  of  61.4  feet  (VI).  From  this  altitude 
it  slopes  gently  though  not  quite  uniformily  to  the  present  shore 
through  a  distance  in  the  heart  of  the  town  ot  aboat  a  quarter  of  « 
mile  or  less.  DigmzBd  byOoOQic 


t.  HUt.  Sur.  Minn. 


>y  Google 


,Coogle 


STATE  OBOLOQIBT.  26d 

The  next  terrace  is  that  opon  wbioh  stands  several  of  tlie 
ehoTcbes  of  the  town,  the  oonrt  house,  and  many  of  the  more  prom- 
inent residences.  It  has  a  very  sharp  brink  at  the  upper  limit  of 
the  sea-oliff  above  referred  to  and  is  on  an  average  less  than  half 
ta  wide  aa  the  terrace  below  it  It^  rear  is  also  remarkably  sharp 
in  its  abutment  npon  its  limiting  sea-oliff.  This  sea-cliff  is  tor  the 
moflt  put  composed  of  the  loose  material  of  an  earlier  embank- 
meat;  bnt  in  one  place  it  is  a  precipitoos  wall  of  rook.  The  rear 
o{  this  terraoe  was  fonnd  by  oar  levels  to  have  an  altitade  of  89.8 
feet  (Till).  Above  this  are  two  remnants  of  higher  terraces,  one 
at  95.7  feet  (IX)  and  the  other  at  118.4  feet  (X),  which,  thongh 
isrrow  and  not  so  sharply  defined  as  the  lower  ones,  appear  as 
quite  sharp  and  distinct  lines  when  viewed  from  a  distance.  There 
is  still  another  narrow  terraoe  at  148.8  feet  (XIII)  which  is  rather 
illy  defined  and  is  not  notloeable  at  a  distance. 

At  the  brink  of  the  hill  behind  the  town  a  little  to  the  sonth  of 
the  Dawson  road  is  a  gravel  pit  which  affords  an  admirable  section 
of  a  beach.  The  beach  crest  rnns  out  from  a  shoulder  of  the  hill 
at  the  entrance  to  the  valley  of  the  Eaminiatiqnia.  The  beach  has 
been  a  spit  which  tended  to  continue  its  growth  in  the  direction  of 
the  shore  line  from  whence  it  received  its  mateT.ial  and  so  attempt- 
ed to  span  the  valley.  Its  extremity  was,  however,  soon  swong 
around  so  as  to  point  op  the  valley,  or  bay  as  it  was  at  the  stage  of 
the  lake.  In  this  way  the  characteristic  form  of  a  "hook"  was  de- 
veloped and  the  form  is  perfectly  preserved.  The  spit  beach  is 
Bomewhat  remarkable  for  the  number  of  large  boulders  which  are 
strewn  over  its  surface,  while  its  section  in  the  gravel  pit  shows  it 
to  be  chiefly  made  up  of  comparatively  fine  gravel.  The  crest  of 
the  beach,  at  a  point  dose  to  the  base  of  the  spit  is  170.1  feet  above 
the  lake  (XT).  Its  extent  indicates  a  long  continued  stage  of  the 
lake.       .  ■ 

Series  32 — McKenzie — From  McKenzie  station,  about  14  miles 
aut  of  Fort  Arthur  on  the  Canadian  Pacific  railway,  a  series  of 
terraces  can  be  seen  scoring  the  hills  to  the  north  at  a  distance  of 
probably  a  little  more  than  a  mile  and  a  half  to  the  farthest  An 
effort  was  made  to  locate  these  terraces  by  running  a  line  of  levels 
from  the  railway,  but  this  only  met  with  partial  success.  The 
terraoes  which  appeared  so  sharp  and  unequivocal  from  the  railway 
station  lost  their  character  when  approached  closely,  and  could 
only  be  recognized  as  terraces  with  considerable  doubt  Some  of 
these  terraces,  ateo,  were  of  so  remarkable  a  character  that  al- 
though figures  tor  their  elevations  were  obtained,  they  could  not 
without  more  critical  study  be  identified  as  strand  lines  of  lake 

Dgiize.  ..Google 


364  TWENTIETH  ANNUAL   BBPORT 

Saperior.    Indeed  only  the  broEid  sandy  terraoes  immediately  ta 
ihe  north  of  the  railvay,  the  lowest  of  tiie  seriea,  was  found  to 
possess  sufficient  of  the  character  and  definition  of  ahore  topo- 
graphy to  warrant  its  being  regarded  as  a  strand.    And  eren  here 
the  qaestion  had  to  be  oarefally  considered  whether  it  was  not  a 
flood-plain  of  the  stream  which  trsTerses  it,  and  the  cliS  at  its  rear 
a  stream  cliff.     The  material  of  which  the  terrace  is  oomposnil,  a 
stratified  sand,  seemed  to  indicate  that  it  was  not  a  fiood-plain,  bat 
the  bottom  of  a  shallow  bay  of  the  lake,  which  the  confignration  of 
the  hills  anggests.     Sections  of  the  plain  ore  well  revealed  in  the 
eattings  and  Bond  pits  at  MoKenzie.    This  plain  was  found  to  be 
Bosceptible  of  very  precise  measurement.    At  MoKenzie  station  it 
is  320.4  feet  above  the  lake,  and  at  its  rear  along  the  base  of  tiie 
cliff  nearly  a  half  a  mile  distant,  it  has  an  elevation  of  326.8  feet 
(XXIII.)    Above  this  are  two  shelf-like  portions  of  the  profile 
which  suggest  terraces,  bat  the  smallness  of  the  one  and  the  ir- 
regular sarfaoe  of  the  other,  render  them  doabtf ul  as  features  doe 
to  shore  action.    The  elevations  of  these  are  respectively  347  feet 
and  379  feet  above  the  lake.    Still  higher  is  a  mnoh  more  distinct 
terrace  at  420  feet  above  the  lake,  which  would  be  interpreted  as  a 
wave-cut  terrace  were  it  not  that,  at  its  rear  part,  immediately  in 
front  of  the  cliff  which  rises  above  it,  there  are  several  very  re- 
markable pits  or  kettle  holes  without  apparent  drainage  outlet 
The  kettle  holes  have  clearly  originated  after  the  dovelopment  of 
the  plain  of  the  terrace.     The  pits  were  15  feet  to  20  feet  deep, 
and  irregularly  funnel-shaped,  and  ooald  apparently  have  been 
formed  only  by  local  subsidence  of  the  ground.  .  About  40  feet 
atmve  this  terrace,  ascending  the  cliff  at  its  rear,  we  oome  upon 
the  brink  of  a  much  more  extensive  terrace-plain  which  is  also 
backed  by  apparent  sea-oliffa.     The  front  of  this  terrace  has  tui 
elevation  of  460  feet,  and  ita  rear  497  feet  with  a  slope  of  37  feet 
in  about  a  half  a  mile.    When  viewed  on  a  level  the  plain  presents 
a  nuiform,  apparently  flat  surface.     Immediately  that  the  eye  rises 
above  it,  however,  it  is  discovered  to  be  pitted  over  its  entire  extent 
by  kettle  boles  which  are  similar  to  those  noted  on  the  plain  below, 
but  which  are  much  larger  and  relatively  to  the  area  mooh  more 
nameroos.     In  many  oases  two  pits  are  so  close  tc^tber  that 
the  narrow  ridge  separating  them  is  quite  wedge-like  and  has 
frequently  broken  down.    The  pits  are  so  numerous  that  it  is  not 
practicable  to  traverse  the  plain  in  any  direction  in  a  straight  line, 
but  only  to  wind  in  and  out  on  the  narrow  remnants  of  the  original 
plain  which  are  left  between  the  pits.    The  sides  of  the  pits  are 
in  many  cases  as  steep  as  the  material  can  lie,    The  material  is 
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monmic  is  charttoter  aod  contains  namerooB  huge  bonldera.  Id 
some  cases  these  large  boulders  were  oonspioaoas  features  in  the 
nuTow  bottoms  of  the  pits.  Here  again  the  only  suggestion  that 
could  be  obtained  after  .traversing  the  plain  several  timea  was  that 
the  pits  were  posterior  in  their  origin  to  that  of  the  plain.  Above 
this  remarkable  pitted  plain  is  another  important  terraoe  also  com- 
posed of  ooarse  morainic  material,  but  not  apparently  pitted  so  far 
iB  observatioiiB  conld  be  made.  This  terraoe  is  thickly  wooded 
while  the  lower  ground  is  burned  off.  On  acoonnt  of  the  brush  it 
could  not  be  examined  easily,  but  it  appeared  to  slope  toward  the 
rocky  hillside  of  the  valley,  and  although  this  appearance  was  not 
yerified,  it  su^ested,  when  taken  into  connection  with  the  char- 
teter  of  the  material  of  which  it  was  composed,  the  possibility 
th&t  the  feature  was  a  true  morainio  terrace.* 

A  definite  explanation  of  the  mode  of  deTelopment  of  these 
interesting  terraces  is  not  possible  from  the  scant  study  which  the 
writer  was  able  to  give  them.  He  can  only  commend  them  to 
stadents  of  topographic  forms  as  an  interesting  field  for  study 
which  is  easily  accessible.  A  tentative  suggestion  may,  how- 
ever, be  not  out  of  place.  These  terraces  occupy  the  sides  of  a 
Tilley  which  was  unquestionably  filled  with  the  continental  ice 
sheet  As  the  front  of  the  sheet  receded  this  valley  waa  very 
probably  occupied  by  an  ice  current  running  out  from  the  general 
body  of  the  glacier,  or  it  may  possibly  have  been  occupied  still 
later  l^  a  local  alpine  glacier.  The  configuratioD  of  the  hills 
vontd  favor  such  a  possibility.  Students  of  the  kettle  moraine 
have  come  to  the  oonclnsion  that  the  kettle-holee  of  that  region 
have  been  formed  by  the  burial  of  masses  of  ice  within  the  moraine 
which  afterward  melted  and  caused  the  surface  to  collapse.  There 
is  an  immense  accumulation  of  moraiuic  material  in  the  valley 
«e  are  considering.  Is  it  possible  that  such  accumulations  oon- 
tained  numerous  buried  blocks  of  ice,  which  continued  frozen  uutit 
after  the  high  stages  of  the  lake  hod  cat  broad  terraces  out  of  the- 
moraine?  If  tiie  high  stages  of  the  lake  followed  closely  upon  the 
recession  of  the  ice  front,  it  seems  not  impossible,  when  we  con- 
sider the  low  temperature  which  lake  Superior  maintaines  eveik 
to  this  day. 

Series  33. — Eaat  aide  of  Thunder  Bay. — The  east  side  of  Thun- 
der bay  from  its  upper  end  to  Sawyer's  bay  presents  a  very  bold 
ud  remarkably  straight  cliff  several  hundred  feet  high  composed 
of  Eeweenian  sandstone  resting  in  Animikie  slate,  both  fiat  bedded 
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and  in  apparent  oonformity.  The  oliff  is  probably  originally  and 
genetioally  a  taalt  aoarp.  In  the  face  of  tbe  cliff  there  has  been 
oat  a  distinct  shelf  or  terrace,  the  rear  of  which,  at  the  foot  of  a 
tains  dae  largely  to  sub^aerial  degradation,  was  foood  to  be  57.5 
feet  (YI).  The  shelf  is  assnmed  to  be,  in  part  at  least,  a  wave-cnt 
terrace. 

A  similar  terrace  is  being  ont  at  the  present  level  of  the  lake, 
oansing  tbe  recession  of  the  lower  cliff,  so  that  it  is  apparent  that 
the  shelf  referred  to  mnst  have  been  once  wider  than  it  now  ap- 
pears. 

Series  34. — Back  of  Thunder  Cape. — At  the  back  of  Thander 
cape,  on  the  south  side  of  the  entrance  to  Sawyer's  bay,  there  has 
been  preserved  a  aerieB  of  wave-cat  terraces  and  eea-oliffe  which 
are  of  anosoal  interest  for  the  perfection  of  their  form  and  for  the 
fact  that  being  sitaated  on  a  projecting  portion  of  tbe  coast  they 
are  revealed  in  »harp  and  distinct  profile  to  certain  points  of  viev. 
Tbe  profile  was  photographed  and  is  reproduced  in  plate  IX,  fig- 
ure 2,  the  view  selected  being  thpt  obtained  from  the  north  side  of 
Sawyer's  bay.  All  of  these  terraces  have  been  cat  oat  of  Animikie 
fllates  and  present  very  sharp  sea-cliffs  particalwly  as  regards  the 
lower  members  of  the  series,  where  the  cliffs  are  nearly  vertical 
eoarps  which  can  only  be  scaled  at  certain  favorable  localitieB. 
The  timber  has  been  burnt  so  that  their  oharaotere  are  anobecnred. 
The  first  four  of  these  terraces  have  a  fairly  tmifonn  width  which 
does  not  vary  maoh  from  100  feet,  and  all  have  the  osoal  lakeward 
slope.  The  fignres  obtained  for  the  elevations  of  these,  at  the 
base  of  their  limiting  sea-cliffs,  are  respectively  49.6  feet  (V),  122 
feet  {XI),  170  feet  (XV)  and  261.2  feet  (XX).  The  fifth  terrace  ia 
smaller  and  has  an  elevation  of  288.4  feet  (XXI).  The  sixth  ter- 
race breaks  down  in  its  front  part  into  a  broad  oneven  plain  when 
examined  closely,  bat  when  viewed  from  a  distance  affords  the 
simple  profile  of  a  oontinaous  slope.  Its  altitade  is  392.3  feet 
{XXV).  Above  this  there  is  still  another  broad  terrace,  the  rear  of 
which  was  found  to  be  at  a  point  representing  its  sharpest  features, 
482.2  feet.  This  terrace  slopes,  however,  rather  rapidly,  is  more 
obscured  by  timber  and  conld  not  be  definitely  reoognized  as  of 
vave-wroaght  origin.  It  was  therefore  not  placed  in  the  table  al- 
thoogh  there  is  a  probability  of  its  being  a  strand  line.  At  its  rear 
is  a  talus  accnmalation  from  cliffs  of  trap  rook  which  rise  high 
Above  it. 

Series  35.^-Silver  Tslet. — On  the  trail  from  the  deserted  village 
«t  Silver  islet  to  lake  Marie  Louise  an  interesting  series  of  beaches 
may  be  conveniently  examined.    The  series  is  chiefly  interesting 
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for  the  great  namber  of  beaches  which  ore  foand  within  a  very 
limited  vertical  range.  The  crest  of  the  present  storm  beach  is 
12  feet  above  the  level  of  the  lake.  Between  this  and  a  beach  the 
erefit  of  which  is  39.3  feet  above  the  lake,  there  are  no  less  than 
nine  distinct  well  formed  shin^e  beach  ridges  tiaiitg  one  above 
another  on  a  gentle  slope.  The  first  two  of  these  are  somewhat 
Ivger  and  apparently  of  more  importance  than  the  others  and  are 
placed  in  the  table  at  stages  II  and  III,  the  elevation  of  their 
respective  create  being  14.7  feet  and  20.6  feet  The  elevations 
obtained  for  the  crests  of  the  other  shingle  ridges  are  as  follows: 
31.4  teet,  23.2  feet,  25.9  feet,  26.7  feet,  31  feet,  33.7  feet,  and  36.8 
feet.  If  projected  on  a  vertical  plane  these  beachee,  eleven  in  all, 
woold  appear  closely  crowded,  but  in  reality,  owing  to  the  gentle 
Blope  apon  which  they  have  been  boilt,  they  are  spftoed  horizontally 
so  as  to  be  well  individoalized  and  spread  over  several  hondred 
yards  of  ground  in  a  direction  transverse  to  their  trend. 

This  portion  of  the  series,  only  certain  dominant  members  of 
which  have  been  inserted  iu  the  table,  dearly  indicates  a  gradual 
recession  of  the  lake,  from  the  stage  at  which  the  39.3  feet  (IV) 
beach  was  boilt  down  to  the  present  level. 

At  this  level  the  beaches  cease  and  the  next  indication  of  a 
strand  line  is  a  terrace  at  69.2  feet  (YI)  with  a  low  and  rather 
ill-defined  cliff  at  its  rear.  The  next  is  an  isolated  beach  resting 
on  a  rooky  slope  the  crest  of  which  is  89.2  ieet  (VIII)  above  the 
lake  on  the  tine  of  the  traiL  In  ascending  the  trail  we  next  come 
apon  a  beach  at  136.7  feet  (XII)  which  is  the  lowrat  of  a  oontina- 
008  sncceesion  of  beaches  extending  tor  a  distance  of  aboat  600 
Feet  The  highest  has  along  its  crest  an  elevation  of  149.2  feet 
(XIII).  This  snccession  of  beach  ridges  has  practically  the 
character  of  a  wsre-bnilt  terrace  with  this  exception,  that  the  stage 
of  the  water  has  not  been  constant  bat  has  been  very  slightly  lower 
for  each  sacceseive  ridge  of  the  terrace.  From  the  npper  beach 
of  this  nearly  horizontal  sacceaaion  of  beach  ridges  there  is  another 
enccession  which  rises  more  rapidly  and  which  is  fewer  in  namber. 
The  apper  member  of  this  sacceaaion  ia  a  beach  the  crest  of  which 
16  168.2  feet  (XV).  Here  then  we  have  evidence  of  a  gradaal 
receesioD  of  the  lake  from  stage  XY  to  atage  XII  or  from  168.2  feet 
to  136.7  feet  The  beach  which  representa  atage  XV  (168.2  feet) 
is  also  the  highest  point  of  the  trail  along  that  portion  of  it  on 
which  straod  lines  are  observable.  In  other  worda,  the  beach  ia  an 
old  bar  beach  thrown  acro:a  the  month  of  a  channel  between  two 
portiona  of  the  lake,  ao  that  after  passing  over  it  we  begin  to 
descend  over  another  aaocessiou  of  beaches.    These  present  the 
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same  continiiity  as  on  the  side  first  approached  and  oar  It-veb 
showed,  that  the  rolling  profile  of  beach  ridges  crowded  together, 
oontinoed  from  the  creat  at  168.2  feet  to  H0.8  feet.  In  this  biic- 
oeesion  there  is  one  prominent  beach  larfcer  than  the  rest  which 
has  an  altitude  of  161.4  feet  (XIY).  Farther  along  the  trail  there 
is  a  distinct  nearly  flat  terrace  at  the  base  of  an  escarpment  of 
Keweenian  rocks,  of  which  two  determinations  of  altitnde  st  points 
i  mile  apart,  are  115.9  feet  and  116  feet  (X).  Farther  along  the 
face  of  the  soarp  a  small  terrace  was  fonnd  with  an  elevatioD  of 
127.4  feet  (XI).  The  trail  then  passes  over  a  remarkable  sandy 
pl&in  which  appears  to  have  been  once  shallow  lake  bottom.  The 
plain  was  found  to  be  aboat  132  feet  above  the  lake  bat  it  is  some- 
what ridged  in  places  and  some  sand  dones  have  been  raised  above 
its  general  anrfaoe. 

Series  36. — Nipigon. — At  some  of  the  higher  stages  of  lake  Snp- 
erior,  lake  Kipigon  and  the  great  lake  into  which  it  now  drains  by 
a  aaccession  of  rapids  mast  hare  had  a  common  level.  The 
present  valley  connecting  the  two  bodies  of  water  was  always  nar- 
row and  bounded  by  precipitate  hills  of  rock,  in  which,  however, 
there  may  have  been  notches  affording  other  outlets  than  the  pres- 
ent one.  The  channel  was  particularly  narrow  just  where  it  would 
have  emerged  npon  the  open  lake,  being  from  i  to  ^  mile  wide 
according  to  the  atf^.of  the  water.  At  one  of  these  higher  stages 
(which  one  ia  not  definitely  knonn  but  it  was  certainly  over  200 
feet  higher  than  the  present)  a  bar  was  thrown  across  the  mouth 
of  the  channel  partially  or  wholly  shutting  oS  the  basin  of  lake 
Helen  from  that  of  lake  Superior.  This  bar  formed  an  immenee 
beach  which  has  been  cut  through  by  the  Canadian  Pacific  railway 
juat  weet  of  the  bridge  over  the  Nipigon  river  and  is  used  as  a 
gravel-pit  so  that  ita  atraoture  is  well  revealed  Thia  great  gravel 
beach  is  unfortunately  covered  by  a  dense  jangle  which  renders  its 
investigation  extremely  difficult.  An  attempt  was  made  to  ascer- 
tain ita  form  and  carry  a  line  of  levels  to  its  crest.  But  it  was 
soon  realized  that  it  was  tar  from  simple  in  its  character  and  that 
no  safe  conclasions  could  be  reached  without  giving  the  inquiry 
much  more  time  than  was  at  oar  disposal.  An  apparent  crest  was 
reached  at  an  altitude  of  198.3  feet,  bat  the  impression  was  ob- 
tained that  probably  the  bar  had  been  developed  at  sncoeesivs 
stages  of  the  water  on  the  same  general  lines,  and  that  the  figures 
obtained  afforded  no  reliable  information  as  to  any  particular  long- 
continued  stage  of  the  lake.  Bat  while  the  strand  or  strands  to 
which  the  beach  itself  corresponds  was  not  definitely  ascertained, 
the  slopes  of  the  embankment  afforded  an  excellent  opportonity 
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[or  the  registration  of  lower  stages  of  the  water.  Upon  its  slopes 
there  are  several  very  distinct  wave  or  oarrent-oat  terraces.  Some 
of  these  face  the  open  lake  ahd  record  iineqaiyocally  a  stage  of  its 
Tsters;  others  face  the  channel  ot  the  Nipigon  river  and  are  dae 
lather  to  oorrent  sconring  and  therefore  strictly  of  the '  nature  of 
stream  terraces;  bat  being  in  immediate  vicinity  of  the  lake  with 
DO  drop  in  sttrface  of  the  water  in  the  short  distance  which  inter- 
Teoed,  they  represent  also  stages  of  the  lake,  the  figures  being  a 
little  smaller  than  the  corresponding  wave-cut  terraces  woold  give. 
The  highest  of  these  flanking  terraces  is  a  broad  forest  covered 
plain  which  in  the  vicinity  of  the  beatih  embankment,  bat  not  at 
the  rear  of  the  terrace,  has  an  elevation  of  131.7  feet  (XII).  The 
great  breadth  of  this  terrace,  its  flatness,  and  the  fine  sandy  ma- 
terial of  which  it  is  chiefly  composed,  indicate  that  it  is  not  a  com- 
mon shore  wave  cat  or  wave  bnilt  terrace.  It  is  a  plain  of  deposi- 
tion probably  of  the  character  of  a  delta,  and  yet  it  probably 
represents  very  closely  a  level  of  the  lake.  A  few  Jjondred  yards 
behind  Kipigon  railway  station  the  front  of  this  broat.!  terrace  drops 
abmptly  in  the  form  of  a  sea-cliff  at  the  base  of  which  a  sharp  bat 
naiTow  wave-cat  terrace  having  an  elevation  of  89.8  feet  (VIII). 
This  terrace  is  traceable  around  the  face  of  the  great  bar-beach 
In  the  vicinity  of  the  Nipigon  bridge.  Another  determination  of 
its  elevatioD  obtained  at  this  place  gave  the  flgares  89.9  feet.  This 
oarrow  terrace  in  tarn  drops  in  a  low  sea-cliff  to  the  terrace  flat  on 
which  the  railway  depot  stands  and  over  which  the  track  is  laid. 
At  its  rear  it  has  an  elevation  of  82.2  feet  (VII). 

Crossing  the  railway  track  and  descending  the  wagon  road  to 
the  Hudson  Bay  Go's,  port,  we  cross  three  oat  terraces  having  re- 
spectively the  elevations  61.3  feet  (VI),  28.4  feet  (IV),  and  13  feet 
(II).  Id  addition  to  these  there  is  a  well  marked  terrace  cat  out 
of  the  slope  of  the  great  bar-beach  on  the  lake  Helen  side  of  the 
railway  bridge.    This  has  an  elevation  of  53.3  feet  (V). 

Series  37 — Mazokamak — Aboat  half  a  mile  southeast  of  the 
moath  of  the  Mazokamah  a  high  blnffof  theArchsean  jots  oat  into 
the  lake.  On  the  streamward  flank  of  this  bluff  there  has  been 
revealed  by  a  recent  forest  fire,  a  series  of  remarkably  sharp,  step- 
like  terraces  overlooking  Nipigon  bay.  The  terraces,  like  so 
many  others  on  this  coast,  are  not  cat  into  the  rock,  but  into  an 
earlier-formed  embankment  which  lies  imposed  upon  the  rocky 
slopes.  At  the  summit  of  the  embankment  is  a  great  shingle 
beach  bar  at  an  elevation  of  360.6  feet  (XXIV)  with  a  lagoon 
hollow  behind  if.  The  origin  of  this  primary  embankment  is  sug- 
gested by  its  proximity  to  the  canon  from  which  Mazokamah  rivaF~  i 
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iesaes.  It  seems  origiuall;  to  have  been  aa  immease  embankment 
which  aocomalated  at  the  highest  stage  of  the  lake  registered  by 
the  bar  referred  to.  The  conditions  of  ooaatal  topography  at  this 
high  stage  of  the  water  favored  snoh  a  local  acoamolation.  The 
stream  snpplied  the  boulders,  shingle  and  gravel.  The  storms  dis- 
tribnted  them  dow  on  this  side  of  the  river's  discharge  and  now  on 
that  The  portion  which  was  cast  to  the  eastward  ooald  not  easily 
reorofls  the  month  of  the  canon.  Its  tendency  to  move  as  shore 
drift  far  from  the  point  of  dis- 
aeaeA  '''^'"'S®  ^^  effectually  checked 
)  '"■^tt  by  the  deep  water  off  the  jnttiog 
shoalder  of  the  bloff.  It  was, 
therefore,  confined  within  an 
open-moathed  bay  of  smaller 
extent,  and  as  it  aocnmolated, 
mantled  the  rocky  slope  down 
into  hundreds  of  feet  ol  water. 
It  is  ont  of  this  embankment 
that  varions  later  stages  of  the 
lake  have  wrought  snooessive 
terraces,  and  at  the  same  time 
added  to  its  lower  slopes.  The 
terraces  are  generally  nniform 
in  character,  the  widest  being 
abont  120  feet  and  the  narroir- 
eet  aboat  25  feet,  and  all  are 
equally  sharp.  The  sea-clifl 
which  rises  from  the  rear  of  each 
terrace  and  extends  to  the  brink 
of  the  next  higher  in  the  seri» 
is,  with  one  exception,  of  the 
same  character  in  all  oases,  and 
is  a  straight  slope  having  a  de- 
clivity somewhat  leas  apparently 
than  the  ordinary  angle  of  re- 
p(»e  of  such  material,  being 
probably  about  24  degrees.  The 
exception  is  t^e  cliff  between 
(XVI)  193.1  feet  and  (XVII) 
214.5  feet,  which  is  a  rather  un- 
even slope  with  a  much  gentler 
declivity  The  terraces  have  thus 
the  character  of  the  wave-cut  type,  but  while  this  ie  their 
essential    character  it  is  very  probable  that  at  each  stage  of 
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the  water  the  Mazokamah  river  coiitinaed  to  add  fresh 
nipplies  to  the  shore  drift,  so  that  they  are  in  part  also  of  the 
character  of  Gilbert's  "cat  and  baild"  terrace.  The  oew  aooea- 
sions  at  each  stage  being  of  the  aam^  character  of  material  as  the 
embankment  in  whioh  the  oat  wae  being  made,  it  is  difficalt  to  dis- 
dnguish  between  the  cat  shelf  and  its  added  extension.  The  ver- 
tioal  distribation  of  the  terrace  at  this  locality  is  shown  in  the  ac- 
companying diagram.  Fig,  11. 
Series  38. — Simpson  Island. — The  terraces  ol  the  north  side  of 
Bimpson  island  are  like  those  at 
Massokamah  of  the  ware-oat  type. 
They  have  aboat  the  same  lake- 
ward  elope  and  have  similar  bat 
Vsteeper  cliffs  rising  from  their 
^rears.  They  present  a  decided 
oontraat,  however,  to  those  on 
the  <^posite  side  of  the  bay  at 
Mazokamah  in  the  paucity  of 
loose  material  which  they  ex- 
hibit. The  terraces  being  formed 
on  the  side  ol  an  island  there 
was  no  contribution  of  stream 
and  gravel  and  the  shore  drift 
arisiDg  from  the  waste  of  cliffs 
was  small  in  amount.  The  ter- 
races are  essentially  cut  out  of 
the  rock  of  the  island  and  the 
vigor  with  which  the  cutting 
proceeded  ia  shown  in  the  steep 
and  in  some  CEtses  nearly  vertical 
declivity  of  the  eea-oliffs  behind 
them.  The  rock  is  a  sandstone, 
rather  friable  in  places,  with  a 
distinct  bedding  and  soatherly 
dip  at  low  angles.  It  is  protected 
above  by  a  heavy  trap  cap.  These 
characters  have  favored  the  cut- 
ting of  the  terraces  and  the  olifh 
remain  much  as  the  shore  action 
left  them,  having  shed  bat  a 
small  amount  of  talus  since  the  cutting  ceased.  The  fact  that  the 
strata  dip  south  while  the  cliffs  face  the  north  preolades  the  pos- 
sibility of  an  unmodified  shelf  of  rook  having  been  mistaken  for  a 
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terrace.  The  ground  has  been  well  barnt  of  its  timber  and  the 
terrace  elopes  are  well  defined.  There  ia  eome  saDdstone  and  ehale- 
shingle  and  trap  pebbles  of  local  derivation,  bnt  these  are  more 
sbandanton  the  lower  than  on  the  apper  terraoeB  so  far  as  the  t^- 
etation  will  permit  of  observation.  The  width  of  the  terraces 
varies  from  about  25  to  300  feet.  The  highest  terrrace  is  254.6 
feet  above  the  lake,  and  at  its  rear  rises  a  precipice  upon  which  the 
higher  levels  have  not  been  registered,  or  if  so,  suoh  registration  has 
been  obliterated  by  the  undermining  action  of  the  Qrsnd  Portage 
stage  (XX)  of  the  lake. 

Series  39. —  Winston's — At  Winston's  aiding  half  way  between 
BoBsport  and  Schreiber  is  a  heavy  but  quite  local  aocamalation  of 
coarse  delta  material  which  has  been  opened  as  a  gravel  pit  The 
material  has  been  supplied  by  a  small  stream  which  has  prob- 
ably traversed  a  moraine,  as  the  material  is  very  heterogeneoos. 
The  embankment  appears  to  be  ess'entially  of  the  character  of 
delta,  spreading  out  fan-ahaped  from  the  mouth  of  a  little  canoo, 
but  much  modified  by  wave  action.  Its  upper  surface  in  the 
vicinity  of  the  pit  was  found  to  have  an  elevation  of  210  feet 
<xyil?)  The  surface  is  here  gently  sloping  and  the  maximum 
hight  was  not  obtained.  The  general  nature  of  the  embankment 
was  not  realized  when  first  examined  and  its  altitude  measured, 
and  it  was  only  later  when  viewed  at  a  distance  from  the  lake  that 
its  delta  character  became  apparent. 

Series  40. — ScAreiber— The  railway  shops  at  Schreiber,  a  divi- 
sional point  of  the  Canadian  Pacific  railway,  and  the  small  town 
which  is  growing  up  around  them,  occupy  a  perfectly  level  piece 
of  land  lees  than  a  square  mile  in  extent  in  a  region  where  such 
level  tracts  are  exceedingly  "few  and  far  between."  This  flat  is 
rudely  triangnlar  in  shape,  one  side  facing  lake  Superior,  the 
shore  of  which  is  tvo  miles  distant.  On  the  other  two  sides  it  is 
bounded  by  bare  or  scantily  wooded  rocky  hills  which  rise  irregu- 
larly to  elevations  of  a  few  hundred  feet  within  sight  of  the  rail- 
way station.  On  the  northwest  side  of  the  flat  where  it  abuts  upon 
the  rocky  slopes,  a  small  rapid  stream  from  the  north  has  cat  a 
deep  sharp  gorge  down  to  bedrock  showing  a  thickness  of  detritns 
which  varies  according  to  the  uneven  character  of  the  rocky  floor, 
bnt  which  probably  averages  over  100  feet  The  rooky  ridgee 
which  bound  the  two  sides  of  the  flat  continue  lakeward  as  bold 
promontories  so  that  the  flat  occupies  an  embayment  in  the  hilla 
The  lakeward  boundary  of  the  flat  is  a  beautifully  defined  beach 
bar-  which  extends  across  the  embayment  from  ridge  to  ridge  save 
where  it  has  been  cut  through  by  the  stream.    The  groand  has 

Digitized  byCOOgIC 


STATE  OEOLOOIST. 


273 


been  cleared  of  the  heavy  joDgle  by  fire 
and  the  charaoten  of  the  beach  bar  are 
not  diegaised  by  the  thin  veil  of  new 
growth.  The  oreet  of  this  bar  has  an 
altitude  of  391  feet  above  the  lake,  and 
on  its  front  it  desoende  rapidly  lake* 
ward  till  it  reaches  the  nneven  rooky 
slope  apon  which  it  is  imposed.  The 
flat  behind  it  is  a  filled-in  lagoon  having 
a  nniform  elevation  of  abont  three  or 
foar  feet  below  the  crest  of  the  beach 
bar.  The  history  of  the  development 
of  the  topographical  features  thus  de- 
scribed cannot  be  stattid  in  detail  from 
the  brief  etndy  given  to  it,  bnt  broadly  it 
appears  to  be  as  follows:  At  the  higher 
stages  of  the  lake  the  sbceamoomingfrom 
the  hills  at  the  apex  of  the  old  embay- 
ment  dumped  its  sediment  and  gravel 
■  into  the  then  bay.  All  bat  the  grave' 
^  of  the  sediment  was  retained  within  the 
^  bay  owing  to  the  deep  water  off  its 
limiting  promontories,  and  formed  a 
heavy  embankment  at  the  bottom  of  the 
bay.  Ab  this  embankment  extended 
lakeward  the  point  of  discharge  of  the 
stream  was  apparently  carried  snffi- 
oie&tly  far  lakeward  to  come  within  the 
infiaenoe  of  the  waves  and  currents  of 
westerly  and  soathwegterly  storms,  so 
that  a  spit  whs  developed  running 
easterly,  which  eventually  spanned  the 
bay  and  became  a  bar.  The  choking  of 
the  first  channel  of  the  stream  and  the 
filling  in  to  a  uniform  level  of  the  in- 
closed lagoon  would  naturally  follow. 

Other  lower  beaches  or  terraces  may 
possibly  be  found  between  this  beach 
bar  and  the  present  shore  line,  bnt  on 
the  trail  followed  by  the  writer  none 
were  clearly  t&sogaixei,  the  country 
being  rough  and  difficult  of   inspection. 
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Series  41. — Terrace  bay. — Terrace  bay  has  long  been  noted  for 
ite  terraces  and  their  obaraoter,  as  ancient  strands  of  lake  Saperior 
were  recognized  as  early  as  1847.* 

The  embayment  oooupied 
by  Terrace  bay  is  rudely 
faorseBhoe-ehaped  and  the 
hills  rise  steeply  above  the 
bay  in  a  saccession  of  great 
terrace  steps,  like  a  magni- 
ficent amphitheatre.  These 
terraces,  are  ideal  in  their 
perfection  of  form,  free  of 
timber  for  the  moat  part,  and 
as  sharp  in  their  profile  as 
if  they  had  been  constructed 
of  masonry.  The  embayment 
seems  to  have  bean  originally 
occupied  by  an  immense  em- 
bankment which  spanned  the 
valley,  the  abundance  of  the 
material  being  due  doubtless  j 
to  the  proximity  of  the  early  • 
representative  of  the  Black 
riyer,  which  now  enters  lake 
Superior  a  little  to  the  east 
of  Terrace  bay.  The  top  of 
this  embankment  is  a  broad 
well-rounded  beach,  the  crest 
of  which  is  b92.2  feet  (XXV) 
above  the  lake.  It  evidently 
was  a  bar  beach  which  separ- 
ated a  deep  lagoon  from  the 
open  lake.  It  is  on  the  front 
of  this  embankment  that  the 
terraces  have  been  con- 
structed- 

The  material  of  the  em- 
bankment is  unconsolidated 
gravel  andpebblee,  and  the 
clifFs  at  the  rear  of  each  terrace  have  the  angle  of  repose 
of  snoh  material,  viz.,  uniformly  34°  by  measurement.  The 
width  of  the  terrace  varies  from  1,000  feet  to  50  feet.      The  eeries 
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is  80  Bimple  in  ita  general  charsoter  that  no  farther  deBOription  is 
Decflwary.  A  profile  plotted  from  meaenrementB  is  given,  which 
it  is  hoped,  will  afford  some  idea  of  the  distiDotaees  of  the  tetraoeB. 
The  elsTatioos  obtained  for  the  rear  part  of  the  different  terraces 
are  as  follows:  96.3  feet  (IX),  228.4  feet  ( XVIII),  242.7  feet  (XIX), 
317.9  feet  (XXII),  371.5  feet  (XXIV).  The  impresBion  which  an 
inspeotion  of  the  series  gives  is  that,  having  been  developed  at 
different  and  distinct  stages  of  the  water,  the  subsidence  of  the 
lake  mnst  have  been  by  great  leaps  from  the  level  of  one  terrace 
to  that  of  the  next  below.  This  notion  is,  however,  at  once  cor- 
rected, when  it  is  remembered  that  the  development  of  one  terrace 
may  involve  the  destrnotioD  of  many  or  all  of  the  earlier  formed 
terraces  or  benohea  The  number  of  the  terraces  is,  therefore,  no 
indication  whatever  of  the  number  of  distinct  and  long-continued 
atages  of  the  lake.  These  terraces  are  essentially  wave-out  ter- 
races, but  as  the  supply  of  material  for  construction  doubtless  cob- 
tinned  at  all  stages,  to  some  extent  at  least,  they  may  in  part  be 
Gorrent-bnllt  terraces.  And  as  the  material  from  the  cliffs  in  pro- 
cess of  recession  woald  be  the  same  as  the  shore  drift  supplied  by 
neighboring  streams,  there  would  be  no  observable  difference  be- 
tween the  portion  of  the  terrace  which  is  cut  and  that  which  is 
Bdded  to  it,  and  there  would  be  no  break  in  the  profile. 

Series  42. — Jackfish  Bay. — On  the  east  side  of  Jackfish  bay, 
just  sontb  of  Jackfish  station  on  the  Canadian  Pacific  railway, 
there  is  an  embayment  in  the  hills  which  is  now  spanned  by  a  rail- 
way embankment,  which,  at  its  highest  part,  is  about  85  feet  above 
the  lake.  The  apper  part  of  this  embayment  was,  at  the  highest 
stage  of  the  lake  of  which  thfere  is  here  a  record,  the  seat  of  the 
accumulation  of  an  immense  embankment.  The  surface  of  the 
embankment  is  apparently  flat  and  no  rise  could  be  detected  with 
the  spirit  level  tor  a  distance  of  an  eighth  of  a  mile.  It  passes 
under  the  timber  and  its  full  extent  was  not  determined.  It  ap- 
pears to  be  a  delta  plain  of  a  drainage  system  which  found  other 
ontlets  as  the  waters  of  the  lake  fell  to  lower  stages.  The  eleva- 
tioTi  of  this  delta  plain  was  found  to  be  418.3  feet.  (XXVI )  On 
the  front  sleep  slope  of  the  delta  there  have  been  carved  two  very 
distinct  terraces,  both  with  well-defined  steeply  sloping  sea-eliffs 
remarkably  uniform  and  intact.  The  first  of  these  in  descending 
order  is  about  100  feet  wide  and  at  the  base  of  its  sea-cliff  has  an 
altitude  of  391.3  feet  (XXV).  The  second  terrace  is  smaller  bat 
no  less  distinct.  Its  elevation  is  367.2  feet  (XXIV).  Below  the 
front  of  this  terrace  the  profile  of  the  surface  changes  from  the 
step-like  character  given  in  it  by  the  terraces  to  a  gentle  slope  e^  , 
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tending  to  the  present  shore  aboat  a  mile  distant.  On  this  slope, 
on  Thioh  the  nnderlying  rook  may  in  places  be  seen  protmding,  a 
great  many  shingle  and  gravel  beaches  have  been  thrown  tip  at 
different  stages  of  the  lake;  and  we  have  here  perhaps  the  fnllest 
repiesentation  of  the  ancient  strand  lines  of  the  lake  that  ia  to  be 
found  anywhere  on  this  ooasi 

The  first  five  of  these  beaches  are  distinct  from  one  another 
being  well  spaced  both  vertically  and  horizontally.  Their  individ- 
nality  is  no  less  marked  than  their  general  perfection  of  form,  size, 
and  oontinoity.  They  are  oonoaTe  lakeward  and  oaaally  have  a 
distinct  depression  behind  them.  The  oonntry  has  been  burnt  and 
they  are  easy  of  access  for  parpoees  of  examination. 

The  flgores  obtained  by  onr  leveling  for  the  create  of  these  five 
beaches  ia  as  follows  :  317.2  feet  (XXII),  269.2  feet  (XX),  237.9 
feet  (XIX),  228.5  feet  (XVIII),  and  175.6  feet  (XT).  About  6 
feet  above  the  last  (XY)  there  ia  a  beaoh-llke  ridge  which  may 
also  be  indicative  of  a  distinct  stage  of  the  water,  bat  was  thought 
to  be  a  feature  of  practically  the  same  shore  an  that  at  which  beach 
XY  was  developed.  On  the  lower  slope  of  beaoh  XY  there  ie  a 
narrow  terrace  which  appears  to  be  cut  into  the  higher  embank- 
ment at  an  elevation  of  157.9  feet  (XIII).  The  fip-oand  ia  some- 
what obscure  at  this  place  and  the  fact  that  it  waa  really  a  cat 
terrace  and  not  the  incipient  form  of  a  wave-built  terrace  was  not 
clearly  established.  Continuing  down  the  slope  there  are  well 
defined  and  distinctly  spaced  beaches  at  elevations  for  which  we 
obtained  the  following  figures,  viz:  135.9  fe»t  (XII.).  127.7  feet 
(XI  an  exceptionally  large  beaoh),  and  119.5  feet  (X). 

These  are  followed  by  a  continuous  saocession  of  rolling  beaches, 
the  highest  of  which  has  an  elevation  of  110.1  feet  and  the  lowest 
84.9  feet;  of  this  succession  the  most  prominent  are  the  last  men- 
tioned and  one  at  102.9  feet  which  are  placed  in  the  table  aa  strand 
lines  (VII)  and  (IX);  between  these  two  for  a  distance  of  1200 
yards  one  beaoh  follows  another  closely.  An  inspection  of  the 
ground  leaves  little  doubt  in  the  mind  of  the  observer  but  that 
there  was  a  gradual  and  comparatively  regular  recsssion  of  the 
waters  of  the  lake  from  the  st^e  corresponding  to  the  110.1  foot 
beach  to  that  at  which  the  84.9  foot  beach  was  formed.  On  the 
lakeward  side  of  the  railway  embankment  we  find  another  rolling 
succession  of  beaches,  the  figures  for  the  crests  of  which  are  as 
follows:  67.1  feet  (YI),  53.8  feet,  51  feet  and  46.2  feet  (V). 
These  follow  one  another  closely  and  again  indicate  a  lowering  of 
the  water  by  easy  stages.  Separated  from  these  by  an  interval  are 
two  lower  beaches  qaite  distinct  from  each  other.      The  first  is  an 
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ambankment  of  great  sizt^  at  33.5  feet  (IV);  and  tlie  seoood  is  leas 
promineiit  and  has  an  eleTation  of  19.2  feet  (III)-  The  lowest 
record  is  that  of  a  small  vaTe-bailt  terrace  9.8  feet  high,  the  prod- 
act  of  the  waves  of  the  preseot  stage  of  the  lake  and  which  is  an 
tbandoned  terrace  only  as  regards  its  rear  portion.  Its  front  is 
still  growing.  It  is  a  significant  fact  that  the  only  horrizontal 
niTe-bailt  terrace  in  this  jery  fall  record  of  shore  lines  is  that  of 
the  present  strand  and  saggesta  that  the  present  stage  has  been 
perhaps  the  most  endaring  of  the  many  through  which  the  lake 
has  paaeed.  Where  conditionB  for  the  development  of  shingle  and 
gravel  beaches  have  been  so  favorable,  it  is  remarkable  that  no 
aiagle  stage  of  the  lake  should  have  lasted  long  enoagh  for  the 
construction  ol  the  characteristically  rigid  wave-boilt  terraces 
which  are  seen  at  some  places  along  th^  present  shore. 

Series  43— Three  miles  east  of  Jaokfiak.—Jxi.Bt  aronnd  the  rocky 
point  which  defines  the  limit  of  Jookfish  bay  and  about  three  miles 
or  lees  from  Jaokfish  station  may  be  seen  another  fine  series  of 
strand  lines  which  preeent  a  strong  contrast  to  those  last  described. 
We  have  seen  that  in  series  42  the  conditions  of  the  embayment 
favored  the  growth  of  beaches  and  that  with  the  exception  of  two 
terraoee  near  the  top  of  the  series  there  are  practically  no  well 
defined  wave-cat  terraces.  In  series  43  just  aroand  a  jutting  ridge- 
of  rock  which  separaten  the  two  embayments,  we  have  a  fairly  full 
series  of  strand  lines  in  which  there  is  not  a  single  beach,  the 
whole  series  being  composed  of  terraces.  The  embankment  in 
which  they  are  out  is  an  extensive  one  in  which  a  large  gravel  pit 
has  been  opened  for  the  railway.  Its  upper  surface  is  quite  flat, 
BO  far  as  oould  be  observed  and  its  entire  extent  was  not  investi- 
gded.  It  appears  in  places  to  abut  sharply  against  projecting 
portions  of  the  rocky  ridge.  It  appears  to  be  analogous  to  the 
embankment  at  the  head  of  the  JackEsh  embayment  of  series  42. 
Its  elevation  is  212.9  feet  (XVII).  The  front  of  this  terrace  is 
limited  by  the  sea-cliff  of  rf  lower  terrace  which  has  an  elevation 
of  174.5  feet  (XV).  This  terrace  is  very  narrow  owing  to  the  re- 
cession of  the  sea-cliff  of  the  next  lower  terrace  wluch  is  that  upon 
which  the  retilway  track  lies.  This  has  a  maximum  elevation  of 
111  feet,  but  the  precise  rear  of  the  terrace  is  not  susceptible  of 
exact  determination,  and  this  figure  (111  feet)  was  considered  in 
the  field  several  feet  too  high  for  what  is  probably  the  true  rear  of 
the  terrace.  Below  this  are  four  well  defined  out  terraces  having 
the  following  altttudes,  viz:  59.2  feet  (VI),  47.3  feet  (V),  40  feet 
(IV)  and  16  feet  (lU ).     Below  this  is  a  great  beach  which  appears 
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to  be  yet  within  reach  oE  exceptional  stonne  although  its  creet  is 
13.3  feet  high.  By  ao  error  it  appears  in  the  table  ae  strand 
linelL 

Series  44. — Dog  River. ^T!o  the  east  of  the  Dog  riyer  we  have 
a  set  of  oondilions  somewhat  aDalogons  to  those  at  Terrace  bay. 
At  a  very  early  date  Dog  river  was  a  soarce  of  sapply  for  a  great 
mass  of  shore  drift.  The  prevailing  storms  have  thrown  it  all  to 
the  east  side  of  the  river,  where  at  a  high  level  of  the  lake  it  ao- 
cnmalated  in  a  great  embankment.  On  the  sammit  of  this  em- 
bankment at  a  point  aboat  three  miles  east  of  the  month  of  Dog 
river,  a  beach  was  thrown  op  which  separated  a  shallow  lagoon 
from  the  open  lake.  Below  this  beach  on  the  front  of  the  em- 
bankment there  have  been  out  nnmeroos  terraces  which  are  well 
preserved  and  perfect  in  fopn.  The  orest  of  the  sammit  beach  b 
323.4  feet  (XXIII).  The  following  elevations  were  obtained  fir 
the  rear  part  of  the  varioos  terraces  in  descending  order:  814.7 
feet  (XXII).  255.4  fefet  (XX),  215.6  feet  (XVII),  100.7  feet  (IX), 
39.7  feet  (IV),  16.5  feet  (III).  A  very  interesting  feature  of  this 
series  is  that  the  actual  process  of  their  development  may  be  ob- 
served in  progress  at  the  present  shore.  The  cliffs  are  there 
actively  reoeding  and  have  a  declivity  which  is  the  angle  of  repose 
of  the  gravel  and  sand  of  which  t^e  primary  embankment  is  com- 
posed. The  recession  has  gone  so  far  that  for  a  considerable  dis- 
tance the  16.6  foot  terrace  has  been  entirely  obliterated  save  at 
points,  where  it  is  prot«cted  from  undermining  by  a  projecting 
basement  of  hard  rock.  A  broad  sab-aqneoos  terrace  of  very 
gentle  slope  is  being  formed  and  the  waves  which  traverse  this 
shallow  shelf  being  feeble  at  the  shore  line,  the  rear  of  the  terrace 
where  it  abots  upon  its  sea  cliff  is  precisely  the  level  of  the  lake. 

Series  45. — Sand  Eiver. — On  the  south  side  of  the  Ssnd  river 
aboutaquarterof  a  mile  from  its  month  are  two  terraces  the  lower 
of  which  is  very  distinct  while  the  upper  is  somewhat  indefinite 
and  hard  to  recognize  on  account  of  large  numbers  of  hage  bonlders 
which  cumber  it.  The  terraces  ore  composed  mostly  of  bonlders 
and  large  pebbles  brought  down  by  the  stream.  They  flank  the 
rocky  walls  of  the  canon  in  which  the  stream  flows,  but  their  posi- 
tion is  clearly  conditioned  by  a  former  level  of  the  lake,  the  stream 
having  cut  throngh  them  as  the  lake  subsided.  The  levels  obtained 
for  these  terraces  are  75.2  feet  (VII)  and  118  feet  (X). 

Series  46. —Montreal  River — The  Montreal  river  in  its  lower 
stretch  is  a  torrent  rushing  through  a  very  narrow,  high-walled 
canon  whose  form  is  due  to  structiiral  planes  in  the  grcuiite  of  the 
ooontry.    Tiiis  torrent  has  broogfat  down  to  the  lake  a  large 
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amount  of  very  ooarae  material  which  has  been  damped  at  the  I 
month  of  the  canon  and  spread  oat  in  the  form  of  a  delta.  The 
snrfsoe  material  of  the  delta  oonsiats  chiefly  of  large  boalderB  and 
angular  blocks  whose  average  diameter  ia  perhaps  three  feet  at  the 
month  of  the  canon,  with  masses  of  less  size  down  to  cobble  stones 
farther  lakeward.  The  finer  gravel  has  been  carried  to  the  enter 
edge  of  the  delta  and  there  thrown  np  into  a  magnifioeut  beach 
throngh  which  the  stream  maintains  a  narrow  passage  to  the  lake. 
This  fine  bar  has  its  coanterpart  for  an  older  phase  of  the  stream 
at  an  elevation  of  211.3  feet  (XVTI)  less  than  half  a  mile  np  the 
canon  and  above  the  edge  of  its  more  preoipitons  part.  The  bar 
has  the  form  of  a  great  beach  extending  across  the  valley  and 
altboagh  covered  with  timber  is  easily  recognized  by  its  form  and 
by  the  material  of  which  it  is  built.  This  bar  beach  forms  the 
crest  of  a  great  embankment  probably  much  the  same  in  character 
as  that  accamoloting  at  the  month  of  the  present  streeuu.  On  the 
front  slope  of  this  embankment  there  have  been  developed  fonr 
sharply  marked  terraces.  The  apper  two  of  these  have  elevations 
of  134.8  feet  (XII)  and  78.7  feet  (VII).  respectively,  the  first  being 
over  100  feet  wide  and  the  second  not  more  than  25  feet.  Both  ap- 
pear to  be  essentially  wave-out  terraces  and  have  sea-cliffs  as  steep 
as  the  material  of  which  the  primary  embankment  is  oomposed 
will  lie.  The  lower  two  terraces  have  elevations  of  61.9  feet  (YI) 
and  46.2  feet  (V)  and  are  the  surfaces  of  former  deltas  which  have 
been  cat  through  by  the  lowering  of  the  base  level.  Their  prox- 
imity to  the  open  lake  and  theii  position  below  the'  precipitoas  i 
narrow  part  of  the  canon  make  it  clear  that  their  elevation  is  ap- ' 
proximately  that  of  the  lake  at  the  stage  at  which  their  rear  part  I 
was  built  They  have  no  true  seu-oliffs,  and  they  lie  below  the 
level  of  rocky  sorfaoe  upon  which  the  h^her  embankment  with  its 
secondary  terraces  rests. 

Setnes  47. — Mamainse.-^Ai  the  deserted  mining  village  of  Ma-^\ 
mainse  three  of  the  ancient  shore  lines  of  the  lake  may  be  reoc^-  \  ^ 
nized  by  the  usual  characteristic  features.     The  lowest  of  these  is   ' 
a  gravel  and  shingle  beach  which  skirts  the  back  of  the  old  stamp 
mill.     Its  crest,  where  crossed  by  our  levels,  is  122.1  feet  (XI). 
The  second  is  a  distinct  terrace  which  at  its  rear  was  found  to  be 
166.8  feet  (XIII).     The  third  is  also  a  terrace,  but  a  somewhat 
extensive  one,  the  rear  of  which  was  not  observed.     It  is  an  appar- 
rently  flat  gravel  plain,  thickly  timbered,  the  surface  of  which,, 
near  its  brink,  is  191  feet  above  the  lake  (XVI). 
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Series  48. — Sault  Ste.  Marie.—'ih.^  last  of  oar  series  of  the  bd- 
cient  atrood  lines  of  lake  Saperior  is  in  the  vicinity  of  the  present 
outlet  of  the  lake,  and  is  interesting  for  its  geographical  position 
between  lakes  Saperior  and  Haron;  for  the  high  levels  at  which 
the  strand  lines  are  observable  and  for  their  well-preserved  and 
nneqaivocal  character.  The  terracing  of  the  hills  on  the  north 
side  of  the  St  Mary's  river  is  a  oonepionons  flgard  of  the  topo- 
graphy and  may  be  readijy  examined  at  many  points.  The  town 
of  Saolt  See.  Marie,  in  Ontario,  is,  like  Fort  Arthar,  built  npon 
terraces.  Of  those  within  the  town,  two  are  very  prominent,  and 
there  are  suggestions  of  others.  Only  the  lower  of  these  two  ter- 
races has  its  sea-cliff  (possibly  stream  oliff)  within  the  town 
limits.  The  base  of  the  cliff  is  jast  north  of  the  line  of  the  Cana- 
diao  Pacific  railway  track,  and  on  Pirn  street,  where  our  levels 
were  run,  the  rear  of  the  terrace  was  found  to  be  49  feet  above 
lake  Superior  (V).  The  cliff  rises  steeply  and  is  composed  ohitfly 
of  clayey  material.  The  second  terrace  which  extends  back  from 
the  upper  edge  of  the  cliff,  is  a  broad  plain,  at  least  a  mile  in 
width,  and  does  not  appear  to  have  a  well-defined  cliff  at  its  rear, 
bnt  to  have  a  sinuons  abutment  upon  a  series  of  low  tumultuous 
hills  oomposed  of  morainic  drift.  The  altitode  of  this  broad  ter- 
race at  its  rear  was  not  precisely  determined  although  our  levels 
crossed  it,  but  it  is  probably  about  150  feet.  These  two  terraces 
are  distinct  from  the  remaining  members  of  the  series  which  are 
grouped  together  farther  back  on  the  front  part  of  the  hills.  They 
are  probably  best  seen  on  the  Tarentoras  road,  alwat  four  miles 
from  the  town  of  Saolt  Ste.  Marie.  Here  an  immense  embank- 
ment has  been  acoumnlated  along  the  front  of  the  hills  iu  the  em- 
bayment  now  occupied  by  the  Root  river,  which  has  since  cut  a 
deep  canon  through  it  This  embankment  culminates  in  a  great 
gravel  and  shingle  beach,  the  crest  of  which  is  413.9  feet  above 
the  lake  (XXVI).  Immediately  below  this  there  is  a  rolling  sue- 
cession  of  three  benches  for  which  the  following  elevations  were 
obtained:  403.3  feet,  404.6  feet,  and  400.4  feet,  the  auoceesion  indi- 
cating a  stage  of  the  water  somewhat  lower  than  XXVI  at  which 
there  was  a  tendency  to  form  a  wave-built  terrace  with  a  gradually 
snbeiding  lake.  A  few  hundred  feet  down  the  road  we  come  upon 
a  good  terrace,  the  rear  of  which  is  363.3  feet  above  the  take 
(XXIV).  On  the  front  part  of  the  teiTace  is  a  distinct  but  low 
beach,  two  feet  lower  than  the  rear  of  the  terrace.  The  road  then 
drops  to  the  level  of  another  terrace  which  is  several  hundred 
yards  wide  and  which  has  an  altitude  at  its  rear,  where  it  encircles 
an  island.like  mass  of  rock  that  p^-ojects  throagh  it.  of  311.2  feet 
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(XXII).  The  IroDt  of  this  terrace  is  the  frout  of  the  primary 
embankment  of  shore  drift  and  there  are  tint  into  its  steep  elope 
four  wave-ant  terrsoes  ranging  from  ten  to  fifty  feet  in  width,  sU 
well  defined.  The  elevations  obtained  for  these,  in  descendio^ 
order  are,  223.9  feet,  (XVni).  207.6  feet  (XYH),  1744  feet  (XV), 
and  150  feet  (XIII). 

DISCUSSION  OF  RESULTS. 

The  facts  set  forth  in  the  preceding  pages,  regarding  the  byp- 
Bometric  and  gec^aphio  distribntion  of  the  obserred  abandoned 
strands  on  the  coast  of  lake  Superior,  snggest  many  interesting 
problems  which  cannot  be  here  entered  npon.  The  information 
which  has  been  won  is  bnt  a  oontribntioQ  to  an  inquiry  into  a  very 
importsnt  chapter  in  the  recent  physiographic  derelopment  of 
North  America.  The  full  inquiry  will  require  the  labor  of  many 
investigatoTS  through  many  years  before  entirely  satisfactory  and 
invulnerable  conclusions  are  attained.  A  few  preliminary  in- 
ferences and  auggestions,  arising  from  a  consideration  of  the  data 
which  has  been  presented,  may  here,  however,  be  discussed  briefly. 

Up  to  the  present  point  the  abandoned  strands  with  which  we 
are  concerned  in  this  inqairy  have  been  dtsoassed  as  topographic 
features  of  the  coast  of  lake  Superior,  and  they  have  been  alluded 
to  as  having  been  developed  at  the  higher  stages  of  that  lake.  Bnt 
a  little  reflection  will  make  it  clear  that  all  but  the  very  lowest  of 
these  strands  represent  stages  of  a  sheet  of  water  which  was  very 
different  in  its  general  physiography  from  the  present  lake  Super- 
ior. It  was  many  times  more  extensive  than  lake  Superior,  and 
covered  the  entire  region  of  the  great  lakes  Huron  and  Michigan 
with  several  hundred  feet  of  water.  The  extent  of  this  vast  lake 
was  probably  at  least  twiee  as  great  as  the  combined  areas  of  the 
present  lakes  Superior,  Michigan  and  Huron,  or  about  1SO,000 
square  miles;  and  these  lakes  are  but  the  remnants  of  its  waters 
gathered  together  in  the  subordinate  depressions  of  the  once 
greater  basin.  The  Algonquin  l>each  which  skirts  the  coast  of 
lake  Huron  marks  but  an  episode  in  the  later  stages  of  subsidence 
of  this  remarkable  sheet  of  fresh  water.  For  such  a  lake  it  woald 
be  manifestly  inoongmoos  to  retain  the  name  lake  Superior,  and 
confusion  would  constantly  arise  by  sncb  a  nsuage.  It  ia,  in  fact, 
scarcely  possible  to  discuss  the  problems  presented  without  some 
distinctive  name  for  the  immense  lake  which  played  so  important 
a  rCle  in  the  post-glacial  physiography  of  the  oontineitt,  and  of 
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which  the  present  great  lakes  are  bat  reaidaal  parts.  The  necessity 
for  such  a  coHTenient  designatiou  has  been  anticipated  by  Spencer, 
vho  baa  suggested  for  this  great  lake  the  name  lake  vasben.* 

By  lake  Warren,  then,  will  be  anderstood  the  great  sheet  of 
water  along  whose  saccessive  shores  were  developed  the  terraces 
and  beaches  now  apparent  on  the  north  coast  of  lake  Saperior;  and 
the  name  will  be  applicable  to  this  lake  from  its  highest  stages 
down  to  that  stage  when  its  waters  became  definitely  segregated 
into  the  different  subordinate  depressions,  and  sssnmed  the  ohar- 
acters  of  the  present  great  lakes.  The  different  shore  lines  of 
lobe  Warren  may,  of  coarse,  reoeire  special  designations  withoat  in 
any  way  interfering  with  the  name  of  the  lake  itself. 

A  glance  at  the  table  shows  that  in  different  parts  of  the  coast 
of  lake  Saperior  the  namber  of  observable  strand  lines  varies 
from  one  to  nineteen;  while  along  very  considerable  portions  of 
the  coast  none  oui  be  detected.  This  great  discrepancy  in  the  rec- 
ords of  the  difleient  distinct  stages  at  which  the  waters  of  the  lake 
Warren  have  stood  is  to  be  acooanted  for  in  different  ways.  Of 
coarse  a  very  large  proportion  of  the  discrepancy  is  only  apparent, 
and  is  doe  to  the  fact  that  the  coast  is  a  timbered  coantry.  Were 
the  coastal  slope  stripped  of  its  timber  many  of  the  local  series  of 
strand  lines  woold  hava  a  much  faller  representation  than  is  shown 
in  the  table.  And  in  this  respect  forest  fires  are  coming  rapidly 
to  the  assiatanoe  of  the  inquiring  geologist.  If  fire  continaes  its 
destractive  work  in  the  fntare  as  vigorously  as  in  the  post  few  dec- 
ades, the  record  of  ancient  beaches  and  terraces  will  in  many 
places  be  much  fuller  than  is  here  given.  Bat  apart  from  gaps  in 
the  series  dae  to  obsonration  of  the  topography  by  timber,  there 
are  many  localities  where  the  topography  is  well  exposed,  and  all 
the  beaches  and  terraces  present  may  be  aooarately  determined; 
and  on  comparing  these  witL  one  another  very  serious  differences 
are  at  once  apparent,  even  when  the  localities  are  not  widely  sep- 
arated. These  may  be  due  to  one  or  another  of  two  caoses.  (1) 
The  coastal  slope  is  not  eqaally  susceptible  of  receiving  the  regis- 
tratioD  of  shore  lines  at  different  levels.  One  portion  of  the  slope 
may  be  admirably  adapted  to  the  formation  of  eea-clifls  and  em- 
bankments, while  another  portion  either  above  or  below  may  not 
lend  itself  to  the  development  of  sach  features.  This  difference  in 
saseeptibility  of  receiving  shore  line  impressions  is  due  partly  to- 
the  varying  character  of  the  rooks  and  partly  to  the  general  steep- 
ness of  the  coastal  slope.    (2)  A  second  caase  of  the  lack  of  con- 
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cordance  between  tlie  different  series  of  shore  features  is  that  many 
of  them,  particularly  those  whifih  take  the  form  of  terraces  in  pre- 
ezistiag  embankments,  have  been  obliterated  by  wave  action  oper- 
ating at  lower  levels  than  that  at  which  they  were  formed,  by  the 
process  described  as  now  in  operation  near  Dng  river. 

There  is,  however,  still  another  important  possibility  to  be  con- 
sidered. There  may  have  been  differential  moyements  within  the 
limits  of  the  present  lake  Superior  basin  when  its  outlet  was 
relatively  higher  than  at  present.  There  are  two  general  oases 
under  such  a  supposition :  ( 1 )  the  differential  movement  may  have 
been  of  such  a  character  that  a  portion  oF  the  coast  did  not  chaise 
its  altitude  relatively  to  the  outlet,  while  another  portion  did  so 
change;  or  (2)  the  entire  coast,  within  the  limits  named,  may  have 
changed  its  altitude  relatively  to  the  outlet,  or  become  inclined. 
In  the  first  oaee  one  shore  line  in  one  pact  of  the  coast  would 
correspond  to  more  than  one  shore  line  in  another  part,  i.  e.,  there 
would  not  be  in  all  parts  of  the  coast  the  same  number  of  aband- 
oned strand  lines  even  if  the  record  were  quite  complete.  But  the 
supposition  is  a  violent  one,  involving  pcst-glacial  fanltiug  or  flex* 
nre  of  which  there  is  no  evidence  whatever.  In  the  second  case 
there  would  be  an  equal  namber  of  strand  lines  in  all  parts  of  the 
coast  (supposing  none  were  re-submerged)  but  alt  would  oonvei^ 
upon  the  outlet  if  projected  on  a  vertical  plane. 

In  both  oases  the  vertical  interval  between  the  same  pairs  of 
strand  lines  in  all  different  parts  of  the  coast  would  not  be  constant 
Moreover,  it  would  be  by  the  merest  chance  that  in  ttie  second  oase' 
the  same  figures  would  be  obtained  for  the  vertical  interval  between 
strand  lines  in  different  parts  of  the  ooaat.  If  it  can  be  shown 
that,  notwithstanding  the  actual  discrepancies  in  the  different  looal 
series,  there  is  a  prevailing  constancy  of  interval  between  strand 
lines  in  different  localities,  we  shall  not  be  warranted  in  assuming 
that  the  discrepancies  apparent  in  the  table  are  due  to  local  move 
meotsat  a  time  when  the  basin  was  fuller  than  now.  To  be 
convinced  that  there  is  a  prevailing  constancy  of  interval  one  has 
only  to  study  the  table  of  elevations,  bearing  in  mind  the  fact,  that 
the  elevations  given  of  the  ancient  shore  features  of  lake  Warren 
may  differ  a  varying  number  of  feet  (ordinarily  up  to  ten  feet)  from 
the  actual  water  level  at  which  they  were  formed.  In  the  table 
will  be  found  many  striking  coincidences  of  vertical  interval;  and 
the  nature  of  the  problem  is  such,  that  positive  evidence  of  this 
character  is  important,  while  negative  evidence  is  practically  value- 
less, owing  to  the  fact  many  conditions  may  cause  apparent  dis- 
crepancies, while  only  one  set  of  conditions  would  favor  a  oon- 
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stancy  of  Tertioal  iDterrsl  betffeeD  the  abandoned  Btrands,  viz., 
a  uniform  subsidence  of  the  water  along  the  entin  extent  of  the 
coast.  Not  only  ifi  there  a  preTailing  oon&tanoy  of  interval  between 
the  abandoned  etrands,  snggeetlng  the  correlation  implied  in  the 
table,  but  when  we  compare  the  iatervaU  between  tbe  strands  of 
the  TarioQs  local  series  and  the  present  level  of  the  lake  there  la  a 
far  more  imposing  array  of  coiacidenoes.  This  becomes  apparent 
in  the  following  table,  in  the  ooQsideration  of  which  it  mnst  be 
again  remembered  that,  if  the  same  features  were  to  be  sabjeoled 
to  the  same  kind  of  measaremoDt,  there  woald  be  a  maximum  dis- 
orepancy  for  the  present  level  of  the  lake  of  15  feet  Id  addition 
to  this  there  are  possible  errors  of  observation  and  instrumental 
errors  to  be  taken  into  aocoont;  so  that  the  maximum  discrepan- 
cies in  the  following  table  are  very  moderate  in  extent. 
TAHLE 
Showing  the  extent  of  coincidence  of  the  vertical  intervals  between 
the  level  of  lake  Superior  and  some  of  the  abandoned  strands  of  lake 
Warren  at  various  well  distributed  localities  on  the  coast. 
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61.9-  659 
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........12.2 
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142.4-134.1 

8.3 

142.7-237.fl 

4.8 

331.6-323.4 

8.2 

438.7-436.2 

3.5 
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509.5-509,5 

534.8-534.0 

0.0 

0.8 

This  remarkable  ooinoidenoe  of  vertical  interval  could  not  be 
a  matter  of  aocident,  and  it  seems  to  tbe  writer  to  warrant  the 
correlation  of  the  abandoned  strands  of  the  lake  as  expressed  in 
the  table.     But  if  this  be  granted  it  also  demonstrates  another  im- 

D.|,iz-.  ..Google 


286  TWBSTIITB  ANMDAL  BEFOBT 

portant  fact:  viz.,  The  lack  of  local  deformation  in  the  strand  lines 
since  their  abandonment  by  the  sabaiding  waters  of  the  lake..  For 
it  is  clear,  that  if  the  strands  are  to  be  correlated  ae  indicated  in 
the  table,  they  are  as  perfectly  horizontal  as  when  they  were 
fanetional  shores.  And  in  this  statement  we  have  a  satisfactory, 
even  if  onexpeoted,  answer  to  the  question  proposed  at  the  ontset 
of  the  investigation. 

It  follows  from  this  cooolusion,  that  every  distinct  altitude 
Dooapied  anywhere  on  the  coast  by  a  strand  line  represents  a  stage 
of  lake  Warren.  In  other  words,  the  total  number  of  observed 
strands  marks  the  minimnm  number  of  distinct  stages.  There  are 
recorded  in  the  table  33  strands  having  distinct  altitudes. 
With  reference  to  one  of  these  (XXYIII)  there  is  some  doubt  as 
to  its  representing  a  stage  distinct  from  one  recorded  at  a  lower 
level.  Thns  there  have  been  in  the  history  of  the  recession  of  the 
lake  at  least  32  definite  stages.  The  maximum  nomber  recc^n>iz^ 
in  any  one  locality  is  19,  so  that  the  minimum  defect  in  the  record 
in  the  most  favored  locality  is  13,  i.  a  in  the  most  complete  series 
only  60  per  cent  of  the  minimum  complement  of  shore  lines  is 
represented. 

Bo  Car  as  can  be  inferred  from  a  consideration  of  the  observed 
strand  lines,  the  subsidence  of  the  lake  may  have  been  effected  by 
a  gradual  lowering  of  the  waters,  with  a  definite  halt  at  each  of  the 
stages  represented  by  a  strand  line  in  the  topography  of  the  coast; 
or  the  waters  may  have  dropped  rapidly  from  one  stage  to  another. 
The  latter  assumption  for  so  large  a  sheet  of  water  involves  so 
mach  violence  that  it  is  naturally  repugnant  to  the  geological  mind. 
The  only  probable  condition  which  would  give  rise  to  a  rapid  drop 
in  the  water  of  the  lake  would  be  the  rupture  of  an  ice  dam.  But, 
as  wilt  be  urged  in  the  sequel,  ioe  barriers  appear  to  be  ruled  oat 
of  the  problem.  Conditions  favoring  the  rapid  trenching  of  soft 
material,  such  as  morainic  debris,  producing  effects  similar  to  the 
rapid  lowering  of  lake  Bonneville,  are  possible;  but  in  the  utter 
absence  of  evidence  of  such  action  this  possibility  can  scarcely  be 
entertained  at  present.  It  seems  probable,  then,  that  the  lowering 
of  the  water  has  been  gradual.  Bat  while  this  is  so  it  does  not 
imply  that  the  subsidence  was  uniformly  gradual;  the  ooourrenoe 
of  sncceseions  of  beaches  following  one  another  closely  on  certain 
of  the  lower  portions  of  the  coastal  slope  (as  has  been  indicated  in 
earlier  pages  of  this  paper)  seems  to  mark  a  much  more  gradnal 
subsidence  within  certain  limits  of  elevation  than  that  which 
usually  obtained.  On  the  other  hand,  the  wide  vertical  gaps 
between  the  strand  tines  in  the  higher  parts  of  the  coast  may  in- 
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dicate  a  more  rapid  lowering  of  the  water,  or  at  least  less  frequent 
stoppages  of  the  process  of  subsidence.  Bat  owiug  to  the  imper- 
fection of  the  record  the  evidence  is  at  beat  only  suggestive  on  this 
point 

.  There  can  be  little  qaeation  bnt  that  every  one  of  the  many 
Btsgea  of  lake  Warren  had  its  level  determined  by  a  definite 
outlet,  jnst  as  the  level  of  lake  Superior  is  conditioned  by  the 
overflow  at  Saolt  Ste.  Marie.  The  existence  of  post-glacial  beach- 
es and  terraces  at  high  levels  in  the  vicinity  of  Sault  Ste.  Marie, 
demonstrates  clearly  that  no  ice  barrier,  spanning  the  interval  be- 
tween the  high  ground  on  the  north  side  of  the  lake  and  that  oa 
the  south  side,  can  be  invoked  to  explain  the  high  level  strand  lines 
of  the  north  coast  as  those  of  a  body  of  water  dammed  back  by  s 
glacier  lobe,  and  ooiresponding  io  geographical  extent  approxi- 
mately  with  the  present  lake  Superior.  It  WEts  a  sheet  of  water  of 
much  vaster  proportions;  and  for  such  it  is  entirely  reasonable  to 
Hoppose  that  epeirogenic  movements  may  have  been  in  progress  in 
one  portion  of  its  area  and  not  in  others;  or  that  a  movement  of 
uniform  elevation  or  depression  in  one  part  may  have  proceeded 
contemporaneously  with  local  warping  in  another.  Further,  since 
the  Supposition  of  an  ice  barrier  at  Sault  Ste.  Marie  is  out  of 
the  question,  and  since  there  is  no  known  single  gorge  of  post- 
glacial age  which,  by  being  progressively  trenched,  would,  without 
cmstal  warping,  account  for  the  lowering  of  the  waters  through  a 
range  of  600  feet,  we  seem,  so  far  as  our  present  knowledge  serves 
us,  to  be  forced  to  assume  orastal  deformation  as  the  primary 
means  of  the  lowering  of  the  outlet  of  the  lake.  A  consideration 
of  tbe  abandoned  strand  lines  of  the  north  coast  of  lake  Super- 
ior warrants  the  conclusion  that  whatever  deformation  may  have 
been  in  progress,  the  region  examined  was  not  locally  warped,  al- 
thoagh  it  may  have  been  uniformly  uplifted  or  depressed.  Thus 
it  seems  probable  that  local  warping  of  the  crust,  in  some  region 
far  removed  from  lake  Superior,  is  accountable  for  the  lowering  of 
the  land  barrier  which  held  back  the  waters  of  lake  Warren.  The 
region  in  which  evidence  of  such  changes  should  be  looked  for  lies 
to  thesouth  and  southeast  of  lakes  Michigan  and  Huron;  and  the 
movements  which  here  oonoem  ns  are  probably  closely  related  to 
those  revealed  in  the  warping  of  the  Iroquois  and  Algonquin  shore 
lines,' as  described  by  Gilbert  and  Spencer.  These  warpings,however, 
must  represent  a  late  movement  in  the  general  process;  since  the 
scoring  of  the  Algonquin  beach  of  Spencer  is  probably  only  a  re- 
cent episode  in  the  subsidence  of  the  great  sheet  of  water  which 
embraced  all  three  of  the  upper  lakes.  ^ 
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The  general  epeirogenio  result  of  the  movemeote  whiob  lowered 
the  sonthem  and  soatlieastern  barrier  of  the  basin  of  lake  Warren, 
and  oansed  the  re({iBtration  of  the  great  auoceaaion  of  strand  lineB 
now  observable  on  the  north  coast  of  lake  Superior,  seems  to  have 
been  an  absolute  and  uniform  elevation  of  a  large  portion  of  cen- 
tral Canada,  including  the  region  aboat  lake  Superior,  of  several 
hundred  feet,  and  a  relative,  and  probably  also  an  absolute,  de- 
pression of  the  region  south  of  the  present  lakes,  embracing  the 
states  of  Ohio  and  Indiana  For  on  the  north  side  of  tbe  divide 
between  lake  Snperior  and  Hudson's  bay,  at  a  distance  from  lake 
Superior  of  from  150  to  200  miles,  post-glacial  marine  deposits  oc- 
cur on  Kenogami  river  at  an  elevation  of  450  feet  above  the  sea, 
extending  thence  oontinnously  to  the  shore  of  James'  bay;  and  sim- 
ilar post-glacial  marine  deposits  occnr  on  the  Missinibi  river  at  an 
elevation  of  300  feet.*  Since  the  oocapancy  by  the  sea  of  these 
e^  ions  north  of  the  divide  and  the  high  stages  of  Jake  Warren  ore 
both  clearly  post-glacial,  we  would  seem  to  be  warranted  in  corre- 
lating the  two  events;  and  also  in  further  correlating  the  ei^adoal 
snbsidence  of  lake  Warren  with  the  emergence  of  the  Hadaon'a 
bay  elope  from  beneath  the  sea. 

If  the  general  supposition  be  true,  that  the  draining  of  lake  War- 
ren was  due  to  the  relative  lowering  of  a  land  barrier  far  south- 
east of  the  present  lake  Superior,  it  eeems  probable  farther  that 
the  outlet  of  this  vast  sheet  of  water  shifted  from  time  to  time  in 
consequence  of  the  continental  warping.  It  would  be  quite  rea- 
sonable, also,  tosappose  that  if  a  southerly  land  barrier  conditioned 
the  high  levels  of  lake  Warren,  the  same  barrier  may  have  been  high 
enough  at  first  to  determime  a  northerly  drainage  of  the  lake  to 
Hudson's  bay.  The  suggestion  that  such  was  the  case  is  strength- 
ened by  the  following  interesting  oiroutnstance. 

The  hight-nf-land  portage  south  of  Long  lake,  t.  e.,  the  divide 
between  the  St.  Lawrence  system  of  drainage  and  that  of  Hudson's 
bay,  is  only  about  15  miles  distant  from  the  shore  of  lake  Superior. 
The  elevation  of  this  pass  is  1,102  feet  above  tbe  Bea,t  i.  e.,  it  is 
500  feet  above  the  present  level  of  lake  Superior.  Tbe  description 
of  the  pass  by  Bell  leaves  little  doubt  but  that  it  is  the  abandoned 
bed  of  a  large  river.  Now  one  oE  the  most  heavily  marked  of  tbe 
abandoned  strand  lines  of  the  north  coast  of  lake  Superior  has  a 
precise  altitude  of  509  feet.  The  coincidence  is  a  remarkable  one, 
and  it  is  difficult  to  resist  the  conclusion  that  stage  XXX  of  the 
lake  was  determined  by  the  attitude  of  this  pass,  the  drainage  be- 

s.  187I-T2,  p.  112,  and  18TB-7«,  p.  340. 
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ing  northward.  Mr.  Upham,  if  the  writer  aoderstands  him,  re- 
gards thia  pasa  aa  an  oatlet  for  the  southerly  drainage  of  a  bypo- 
thetioal  lake,  dammed  back  to  the  north  by  a  wall  of  ioe;  bat  the 
writer  oan  find  no  warrant  for  Mr.  Upham'a  Buppoaition,  It  is  not 
improbable  that  the  continental  ioe  sheet  was  still  extensive  to- 
wards the  east  at  the  time  that  lake  Warren  stood  at  stage  XXX; 
and  it  is  possible  that  a  lobe  of  its  sonthern  margin  may  have 
reached  nearly  ae  far  soath  asSanltSte.  Maria  Batithadoertaioly 
disappeared  from  the  present  ooast  of  the  Qorthwestem  part  (rf  the 
lake  and  probably  had  been  safficiently  removed  from  tbe  regioD 
northward  to  permit  of  the  northerly  drainage  here  snggested. 

About  50  miles  northeast  of  Michipicoten  harbor  is  another  pass, 
somewhat  lower,  at  an  altitude  of-  440  feet  above  lake  Superior,*  at 
thedivide  soath  of  Miasinaibi  lake.  It  is  possible  that  this  pass  may 
have  bees  blocked  with  the  ice  sheet  when  the  Long  lake  oatlet 
was  open,  or  it  may  have  been  blocked  with  morainio  d<^briB  which 
has  beeo  aince  trenched  by  stream  action.  If  this  pass  ever  served 
as  an  outlet  of  lake  Warren  it  is  doabtless  to  be  correlated  with 
stage  XXVI  which  has  so  strongly  marked  a  strand  line  at  Saalt 
Stfl.  Marie. 

There  are  other  possible  outlets  concerning  which,  for  lack  of 
information,  it  is  impossible  for  the  writer  tu  speak  definitely.  It 
seems  not  improbable,  for  instance,  that  the  valley  of  the  St  Croix 
river  served  ae  an  oatlet  for  the  overflow  of  some  of  the  high  stages 
o{  lake  Warren,  oonveyiog  its  waters  to  the  MiBsiBsippi.  The  bed 
of  an  old  channel  at  the  lowest  point  of  the  divide  between  Bois 
BrnU  and  St.  Croix  rivers  is  described  by  Upham,  who  gives  the 
elevation  as  468  feet  above  lake  Saperior.f  This  neema  to  cor- 
respond well  with  strand  XXIX  of  lake  Warren,  which,  at  Dulnth, 
has  an  elevation  of  about  475  feet.  There  are  poBaibilitiee  of 
another  oatlet  to  the  same  general  drainage  by  way  of  the  Illinois 
river.  The  Fort  Wayne  channel  doubtless  ofFered  another  outlet 
at  a  different  attitude  of  the  surface  and  a  greater  absolute  eleva- 
tion than  it  now  has.  The  Nipissing  depression  may  possibly  have 
been  available  at  some  of  the  higher  stages. 

Prof.  M.  H.  Winchell,  also,  has  suggested  that  there  is  a  former 
oatlet  by  way  of  Whitefish  valley  throagh  Little  Bay  de  Noo.| 

'Upbaio,  op,  cit.,  p.  3U. 

•Op.  clt.  p.  858. 

iKm.  Jour.  Sol.,  Vol.  tl.  IBTl,  p.  10. 
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DIATOMACE^ 

OF  MINNESOTA  INTEE-GIACIAL  PEAT. 

BY  BENJAMIN  W.  THOMAS,  P.  R.  M.  S. 

"With  a  List  of  Specieb   and   Some   Notes  Upon   Tbeh,  by 
Fbop.  Hauilton  L.  Smith,  M.  A.,  L.  L.  D.    Also  Bibbotiohb 

FOE  THE   FfiEPARATION   AND   MOUNTING   OF  DiATOHACEX.        Bt 

Db.  Christopheb  Johnston  and  Prof.  H.  L.  Smith. 


Samples  of  ioter-glaoial  peat  from  Blue  Earth  ooltnty,  Minne- 
«ota,  eent  by  Prof.  N.  Q.  WinchelJ,  state  f^eologiet  of  MinneBotat 
were  found  to  be  well  filled  with  the  siliceous  frustoles  of  over  100 
different  species  of  fresh  water  "Diatomacete."  The  stratum  of 
peat  from  which  the  specimens  were  taken  was  reported  as  being 
overlaid  by  some  twenty-two  feet  of  boalder  olay,  and  as  resting 
npon  the  same  material,  but  I  am  not  advised  as  to  the  extent  or 
thickness  of  the  peat  in  tliis  interesting  deposit.  The  clay  both 
above  and  below  the  peat  carried  many  bonlders  sbowing  glacial 
fitriation  and  on  microscopical  examination  yielded  Foraminifera, 
Badiolaria,  and  other  marine  forms  peculiar  to  MinneBota,  and  some 
other  western  boalder  clays,  but  marine  forms  were  not  detected 
in  the  peat. 

Diatomacess  constitute  a  group  of  microscopic  organisms  of  great 
interest  to  the  stndent  of  natural  history.  They  are  a  family  of 
conf  ervoid  algte  of  very  peculiar  character,  and  the  living  forms  are 
found  in  great  numbers  in  almost  all  waters  that  are  exposed  to  the 
sun  and  air,  forming  a  brown,  or  yellowish  layer  at  the  bottom  of 
the  water,  adhering  to  submerged  logs  and  rocks,  or  attached  to 
the  fronds  of  the  larger  algee.  Specimens  which  contain  the  living 
diatoms  are  of  course  the  most  valuable  for  the  proper  study  of  their 
life  history,  bat  the  plants  are  so  variable  in  character  and  habit 
that  it  is  difficult  to  give  directions  that  will  in  all  oases  (^ve  the 
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best'resaltB  forcolleoting  and  preserving  them.  Colleotioos  shoald 
be  made  oE  pluits  growing  entirely  beneath  the  water,  attached  to 
rooks,  piers,  logs,  etc,  or  to  the  larger  algte.  The  slimier  the 
plants  appear,  if  id  water  free  from  sand  and  mad,  the  richer 
will  be  the  harvest,  as  the  brown,  or  yellowish  coating  upon  the 
algBQ  and  other  submerged  objects  is  frequently  bat  a  mass  of 
living  Diatomocese  and  the  moss-like  carpeting  npon  sabmerged 
rocks,  is  often  largely  made  ap  of  beantifal  specimens  of  the 
SlamentoQB  species. 

The  growing  algae,  carefally  taken  from  their  attachments,  can 
be  thoroughly  dried,  and  each  oolleotion  carefally  placed  in 
separate  paper  boxes,  or  wrapped  in  strong,  clean  paper,  and 
plainly  labeled,  giving  locality,  date  of  collection,  etc.,  or  they 
may  be  kept  moist  in  phials  or  small  bottles,  with  a  little  creosote 
added  to  prevent  moald,  as  recommended  by  Prof.  Smith.  When 
prepared  either  dry  or  moist  as  above  saggested  they  can  be  care- 
fally laid  away  for  fatore  examination,  and  the  dried  material  can 
safely  be  sent  to  correspondents  by  mail  or  otherwise. 

Bat  as  many  of  the  most  carefally  collected  and  promising 
specimens  prove  to  be  of  little  or  no  value  it  is  not  only  desirable 
bat  also  a  most  interesting  and  profitable  stady  to  examine  them 
while  fresh  from  the  water. 

For  this  parpose  with  a  pipette  take  a  small  quantity  of  sedi- 
ment from  one  of  the  collecting  bottles  as  soon  as  possible  after  its 
collection,  and  before  creosote  or  other  preservative  has  been 
added,  put  a  drop  from  the  pipette  onto  a  miorosoope  slide,  place 
a  cover  glass  over  it  and  with  a  blotter  absorb  the  surplus  water. 
tf  the  collection  is  of  good  material  the  microscope  with  a  one- 
foartb  inch  objective  will  show  an  abandanoe'of  living  diatoms, 
with  their  rich  and  beaatifiUly  colored  endpchrome.  Some  of  the 
fruBtitles  will  be  connected  by  atipes  to  the  larger  algee,  some  in 
tubes,  others  in  long  ribboo-like  Jitomen(fl,  while  many  will  exhibit 
those  independent  and  almost  intelligent  movements  that  so  nearly 
resemble  animal  lite,  and  which  Jias  caused  and  is  yet  caasing 
maoh  discussion  among  Bcientists. 

The  individnal  cells  of  the  Diatomaoete  containing  the  proto- ' 
plastic  endochrome  are  called  frustules  and  have  an  external  coat- 
ing of  nearly  pure  silica,  which  consists  of  two  portions  or  valves, 
which  are  connected  at  their  margins  by  hoops  or  bands  of  vari- 
able widths  forming  a  minute  box.  These  siliceoas  shells  or  trus- 
tolee  oooar  in  a  great  variety  of  beautiful  and  symmetrical  forms, 
and  the  valves,  or  main  eartaoes  of  the  frustules,  are  generally  richly 
carved  and  sonlptnred,  and  under  the  microscope  show  etrise 
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pinaleg,  ribs,  cells,  knobs,  bosses,  etc.,  in  almost  inDamerable 
variety  and  combinations,,  and  some  of  the  species  when  properly 
prepared  and  monnted  are  the  best  known  tests  of  the  resolriDg 
power  of  mioroBoopeobjeotiTes.  The  valves  of  one  well  known  Bpe- 
oies  that  is  qnite  abundant  in  most  of  oar  western  watera,  the 
Amphipleora  pellnoida,  show  at  the  rate  of  90,000  to  100,000  lines 
(H*  striee  to  the  inch. 

DikTOtsACEM  are  andoabtedly  of  comparatively  recent  geolog- 
ical age,  and  I  find  no  reliable  authority  of  their  having  been 
found  below  the  tebtiaby,  although  unverified  olaims  have  re- 
cently been  made  of  the  finding  of  their  silioeonB  remains  in  the 
coal  formations. 

The  fossil  remains  of  dijLTOMAcex  aboand  in  the  vast  sub-pla- 
tonic  and  other  strata  on  the  Facifio  coast  of  North  America,  which 
exhibit  both  fresh  water  and  marine  speoies,  thoagb  rarely  in  a 
mixed  state.  In  most  of  the  deposits  the  predominating  speoies 
present  indicate  the  character  of  the  wnter,  and  the  climatic  infla- 
ences  under  which  they  were  accamnlated;  different  species  or 
groups  of  species,  usually  appearing  in  fresh,  brackish,  or  salt  water, 
and  in  seas,  lakes,  rivers  and  marshes. 

While  a  majority  of  the  fossil  diatomaceous  deposits  hitherto 
discovered  are  of  fresh  water  origin,  by  far  the  most  extensive  are 
marine,  and  some  of  them  spread  over  large  areas.  One  of  the 
most  important  stratums  of  this  character  in  North  America  is 
considered  as  belonging  to  the  Miocene-Tertiary,  and  is  on  or  near 
the  Atlantic  coast,  and  is  largely  in  the  states  of  New  Jersey, 
Maryland  and  Virginia.  The  principal  deposits  in  Maryland  com- 
mence at  about  sixteen  feet  above  tide  water,  and  are  covered  with 
four  to  twelve  feet  of  earth.  They  then  dip  below  tide  water  until 
at  Fortress  Monroe  they  are  from  200  tq  400  feet  below  the  surface, 
and  from  an  artesian  well  at  Atlantic  City,  N.  J.,  fossil  diatoma- 
ceous material  containing  several  new  and  beautiful  species  has 
recently  been  secured  from  depths  respectively  of  406,  610,  53d. 
550  and  628  feet  below  the  surface. 

The  extent  of  some  deposits  oE  fossil  DIatomaccra  and  the  vast 
number  and  variety  of  forms  contained  in  them,  seem  almost 
incredible,  and  Dr.  Backland  states  that  the  remains  of  these 
minute  forms  have  added  more  to  the  mass  of  the  exterior  crust 
of  the  globe  than  has  the  booes  of  animals.  Ehrenberg  estimated 
that  one  of  the  diatomaceoas  deposits  in  Bohemia,  covering  a  large 
area  to  an  average  thickness  of  some  fourteen  feet,  contained  not 
less  than  40,000,000,000  diatoms  to  the  cubic  inch,  and  Mr.  Fred- 
erick Habershaw,  several  years  ago,  published  a  catalc^oe  of  ov^ 
4,000  species  then  known  to  diatomists. 
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While  the  samples  of  inter-glacial  peat  sabmitted  for  examina- 
tion were  all  well  filled  throoghont  their  entire  anbataooe  with  the 
eilieeoiiB  remains  of  fresh  water  Diatomacese,  it  ib  not  probable 
that  preparations  from  tho  smalt  number  of  spenimens  at  oar  die- 
poeal,  and  the  consegnently  small  niimber  of  elides  prepared  and 
submitted  to  Prof.  Smith  for  examination,  will  be  exhaastive  as  to 
the  diatomooeoos  conteuts  of  the  peat.  Aoonmnlations  of  peat  and 
diatoms,  like  deposits  of  more  nearly  pore  diatomaoeoaa  material, 
are  probably  of  very  slow  growth,  and,  as  is  well  known  to  mioro- 
Bcopists,  the  npper  layers  of  a  stratam  often  exhibit  different 
species  from  those  found  in  the  lower,  or  other  parts  of  the  same 
deposit,  which  may  have  been  aconmalated  thouBands  of  years 
earlier,  and  under  different  climatio  and  other  influences,  and  it  is 
quite  probable  that  a  more  thorough  examination  of  this  very 
interesting  deposit  will  yield  many  species  which  were  not  on  the 
slides  enbmitted  for  examination,  and  consequently  are  not  in- 
eluded  in  the  following  very  valuable  "list  of  species,"  and  the 
intereeting  notes  upon  them,  by  that  veteran  diatomist.  Prof.  H.  L. 
Smith. 

Their  value  and  appropriateness  in  this  connection,  fully  justifies 
me  in  using  the  paper  of  Dr.  Johnston,  with  the  supplement  by 
ProL  Smith,  on  the  "Preparation  and  Mounting  of  Diatomaceee," 
which  originally  appeared  in  "The  Lens, 'a  jonmal  published  by 
"The  State  Microsoopioal  Society  of  Illinois,"  and  which  is  nearly 
out  of  print 

LIST  OF  SPECIES  AND   SOME   NOTES  UPON   THEM. 

BY  PBOF.  HAMILTON   L.  SMITH. 

The  discovery  of  a  peat  deposit  between  two  layers  of  boulder 
clay  in  Minnesota,  is  not  only  interesting  but  remarkable,  inas- 
much as  the  organisms  found  in  the  over  and  underlying  clay 
are  all  of  marine  origin,  while  those  of  the  deposit,  lying  between, 
are  not  only  fresh  water  forms,  similar  to  those  found  in  the  sab- 
peat  deposits  of  the  eastern  states,  but  with  one  or  two  exceptions, 
are  formp  living  at  the  present  time  in  the  great  lakes  or  their 
tributaries;  so  that,  geologically  speaking,  the  deposit  appears  to 
be  of  very  modem  origin.  While  the  difference  between  this  and 
the  sub-peat  deposits  of  the  eastern  states  is  not  very  marked,  yet 
a  few  distinctive  species  do  occur,  and  will  be  mentioned  in  the 
notes  appended  to  the  list,  which  ally  it  to  the  fossil  deposits  of 
Oregon,  Utah  and  California,  and  which,  to  a  practiced  eye,  would 
serve  to  indicate  the  intermediate  position,  and  to  distinguish  it 
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from  botb.  How  sach  a  deposit,  whiob  is  oertaiiily  of  mnoh  more 
recent  origin  than  the  boulder  olay,  oame  to  be  thus  interposed, 
is  an  interesting  qaestioo, — a  qaeation  for  the  geologist  to  settia 
The  thickness  of  the  overlying  bedvaries  from  twenty  to  thirty  feet; 
this,  and  the  lower  bed,  like  theother  boulder  clays  of  Minnesota, 
show,  on  oarefal  examination,  only  marine  foeeils;  whereas,  ba 
already  mentioned,  only  fresh  water  and  recent  forms  are  (omid 
in  the  peat  deposlL  At  the  reqaest  of  Mr.  B.  W.  Thomas,  I  hare 
examined  a  series  of  slides  very  oarefolly  prepared  by  him,  and 
the  result  will  be  found  in  the  following  list;  these  are  all  freeb 
water  diatoms. 

The  larger  diatoms  were  many  of  them  broken,  owing  to  the 
character  of  the  deposit,  which  contained  muob  sand,  bat  the 
smaller  forms  were  mainly  perfect. 

The  number  of  species  might  have  been  considerably  extended 
if  I  had  followed  the  example  of  some  of  the  European  diatomists, 
and  affixed  n.  ap.  to  each  form  with  a  slightly  varying  outline, 
striation  or  size.  I  have  in  the  list,  gone  to  the  fullest  extent  in 
this  direction  which  I  thought  allowable;  indeed,  the  number 
might  be  somewhat  lessened  with  advantage. 

The  almost  total  absence  of  Surirellesct  Nitzschiete  Pleorosigmffi 
and  Synedrese,  which  abound  in  many  eastern  deposits,  is  a 
characteristic  feature,  and  also  the  presence  in  great  abundance  of 
spicules  of  Spongillidce,  and  small,  flask-shaped  bodies;  some  of 
these  latter  are  quite  smooth  and  others  reticulated  or  oovered 
with  short  spines,  and  all  are  rigidly  siliceous.  Ehrenlierg 
classed  them  with  the  Infusoric^  and  even  placed  them  in  different 
families,  calling  the  smooth  forms  "Tracbelomonas,"  and  the 
hispid  or  armed  ones  "Cbxtotyphila."  !■  have  frequently  found 
these  in  recent  gatherings,  and  they  occur  quite  abundantly  in 
some  sub-peat  deposits,  e.  g.  Wreotham,  Mass.,  and  Smithfield, 
K.  I.  I  give  in  the  list  the  average  length  or  diameter  of  the 
frnstules  as  they  occur  in  this  deposit,  also  references  to  where 
figures  illustrating  the  different  species  may  be  found,  and  in  the 
appended  notes  will  be  found  remarks  on  moat  of  the  species. 

HAMILTON  L.  SMITH. 
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DIATOMS  rODND  IN  INTEB-GLACIAL  PEAT. 
MINNESOTA. 


fleiellum,  Breb... 
'Rata.  Baltey.... 

_7allB,K 

CljiienH.  Ehr 


II 


BOrcluteila.. 
T  CymatopleiD 
SOrmbella.... 
gCymbella  .. 
-Oymbell*... 

Ormbelln... 

OrmbellK... 

Oymbellk... 

Uynibolla. .. 

Oymbella... 

Ovmbellk... 

Ormbella. .. 


Dent 

Dentlcula... 
Kncyonenm  . 


n 


Enojouema.. 
..  EnOTOnemB.. 

X  Eplthemla 

"-Epitbemla.... 

Eplthetnla  — 
Eplthemla.... 
Eplthemla.... 
Epithemla.... 


J7  h'rasllarla 

38  FragUacla 

SU.QontpboDetDa . . 
tt>  Qomphoor — 


|g|at>niphODen 

44|GompboDema::. 
4fi  aompboQBma. . . 
M.OompboneuiB... 
IT  OoQipbouenia... 
IgOoiophonema... 

14»Mastot!loI&. 
AOUKBtiwlDta 

SIHetosfra 

GSHeUwlra 

SSNavlcu  a 

->tNi«lcu  A 

UNaTlou  a 

BNavlou  a 


M  NaTlci 


kutzlPKla] 
blbernica, 
aequalli, 
affiolB.  E . 


aaatToIdes,  S 

[BaeeolatiLKbr 

parva.  W.9 

subaeqaalls.  Qreen... 
Blegans,  K. 

caeapltosum,  K 

graclle,  Ebr 

pnwtratum.  Berk 

' — [Idum.  Gees 


alpeatiis.  W.'li 
glbba,  K 


la^Thwaltea... 


I  yar  bldens,  Gm. .. 


fonuloa.  Ehr. 


grlvllle!,  W.8... 
— .Ithli,  Thwaltw 

iQulata,  K 

mpaoum,  Ehr., 


ibljfua.Ehr 

amblKua.  lorma  cmtlcularlH. 

■mpbltiomphuB,  Ebr 

amphlrbyDchus,  Elhr... 

baclUum.  Ehr 

bore  alls,  Ebr.— E 

brau  nil.  Green 

cuspid  Bta.  K 

SIdata  forma  oratloularls 
ylus  forica  maxima,  Ehr 

dlcephala,  Ehr. (plnulorla  biceps. 

la  (Irldls  Tar.V.'Ehr.— 

frootlnall*.  Gru, 


8     BTiNavloula.. 

*£e]atlTe  leogtb  or  diameter  1— .0001  Incb. 
AbbrevlatlODB:     Tan  H~Van  Heurck'a  Atlas. 

Bcbmt^A.  Sobmldt'B  Alias. 

S.  B.  D.— Smith's  British  Diatom acoat. 

U.  J.— London  MloroscoplcalJoumal. 


9.  B.  D... 
S.  B.  D.. 
VaD  H  .. 
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1 
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?»".!■;::: 
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tnd  rare  species.  IMl. 
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NOTES  OS  THE  SPECIES. 
Ko.  ],  AcbDantbldlum  flexellum  Breb.=CoccoDelB  tbwaitall  W.  Smith. 
This  diatom  I  fouod  livinfr  at  Capper  Harbor,  Lake  Superior,  and  It  OC- 
cars  f requeotly  In  fre^h  water  gatherings  In  the  Eastern  states.  It  is 
flexed  iQ  front  view  (f.  y.),  has  dissimllur  valves  and  a  slgmord  median 
liae;  outline  of  valve  oval,  aspect  hyaline;  not  common  Id  the  deposit. 

No- 2.  Ampblproraornata  Bailey.  First  detected  by  him  in  the  Crotou 
water,  and  not  uncommon  In  rresh  vrater  streams  in  the  Eastern  and 
Middle  states.  I  have  found  It  In  fllteriogs  from  lakes  Erie  and  Hlchl- 
gan;  one  gathering  from  New  Jersey  has  frustuleb  nearly  double  the  nor- 
■mal  length.  Bailey's  figure,  from  Withlacooche  river,  Florida,  Is  a  rough 
outllDe;  MIc  obs.  Smith  Cont.  1850,  PI.  2,  f.  15.  In  the  list  of  Croton  dia- 
toms be  considers  It  a  Paludusa.  I  have  never  found  it  except  contorted. 
The  general  aspect  is  hyaline,aDd  (he  endochrome  very  delicately  colored, 
and  reaembllng  In  lie  arrangement  that  of  a  Nltzschla.  Not  common  In 
the  deposit  and  only  broken  frustnles.  i 

No.  3.  AmphoraovBlis  K.  Occurs  abundantly  in  the  living  form  and 
is  cosmopolitan  and  not  uncommon  in  sub-peat  deposits.  Ehrenberg  de- 
scrlbf^  and  figures  It  as  A.  glBas  in  Abb.  der  KOnigl.  Akad.  1870,  from  a 
deposit  near  Salt  lake,  Utah,  where  It  is  found  associated  with  Surlrella 
crenulata  E,  our  No.  9R.    Not  rare  in  the  deposit. 

No.  4,  CampyludiscuB  clypeus  E.  I  found  nnly  a  few  fragments  of  this 
diatom  Id  the  depostti  It  occurs  living  at  Petalume,  Cal.,  and  probably 
may  be  found  Id  other  western  localities.  I  have  not  obsiirved  it  In  any 
gatherings  from  Ibe  great  lakes. 

No.  5.  Cocconeis  ilneata  E.  Probably  a  variety  of  C.  plftcentula,  which 
is  fuuod  In  nearly  all  fresh  water  streams  and  ponds,  densely  Incrusting 
stCBis  of  algae,  leaves  of  Potamogeton,  etc.  It  la  very  variable  in  size;  the 
larger  forma  are  probably  sporanglal.  The  valves  are  generally  broadly 
oval,  and  unlike:  one,-  the  lower,  has  median  line  and  nodule.  Common. 
No.  6.  CyclotellakutzlDgiaoa.  Exceedingly  abundant  in  this  deposit 
SDd  of  very  variable  size.  C.  meneghinlana  Is  a  more  undulated  form  of 
this,  and  C.  rectangulata  Is  doubtfully  distinct.  Thefmstule  la  undulate 
in  front  view,  and  the  valve,  in  s.  v.,  shows  this,  especially  the  larger  spe- 
cimens, by  a  shaded  band  across  a  diameter,  or  a  little  one  side  of  a  dia- 
meter, and  it  is  more  or  less  apparent  on  all  the  valves.  It  is  found  every- 
where livlDg,  and  in  common  In  almost  all  sub-peat  deposits.  Great  con- 
fusion exists  in  the  species  of  this  genua. 

No.  7.  Cymatopleura  blbernlca  W.  S.  Tbia  diatom  Is  not  very  com- 
mon, though  I  have  found  It  living  In  gatherings  from  lake  Erie,  and 
also  In  fresh  water  deposits  In  the  Eastern  states.  It  is  rare  in  the  Mln- 
Dt9s<)ta  deposit,  and  I  found  no  whole  frustules. 

Ho.  8.  Cymbella  aequalis  W.  S.  This  p'-etty  little  diatom,  which  re- 
sembles aNavlcula.lsfalrly  abundant  In  the  deboslt.  It  has  somewhat 
sharper  ends  than  Grevllle's  figure,  Ann.  &  Mag.  rfat.  Hist. -April  1885. 
PI.  ii,  flg.  4.  He  describes  it  as  having  the  strife  fine,  but  not  clote,  and 
sbows  them  In  the  figure  rather  too  strongly  marked.  He  found  it  in  a 
pest  deposit.  It  docs  not  occur  very  frequently  in  the  U.  S.,  nor  do  I 
recollect  ever  meeting  with  it  in  gatheringa  from  the  great  lakea.  It 
occurs,  however,  falily  abundant  near  Richmond,  Ya. 
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No.  9.  Oymbella  aftlQlB  K.  A  small  rorm,  common,  but  cot  atiitDdani 
Id  this  deposit.  The  Cymbellete  are  generally  present  in  all  our  sub-peal 
deposits,  and  occur  extensively  in  the  living  condition  In  almost  all  Iresh 
water  gatherings.  The  distinction  formerly  made  Into  Cocconema  and 
Cymbolla,  baaed  on  the  presence  of  a  stallc  or  stipe  for  tbe  former,  H 
now  properly  abandoned ;  though  BncyoDema,  geoerally  found  Id  the 
living  condition  In  tubes,  and  which  otherwise  would  fall  into  th\i 
gsDlus,  la  yet  retained.  There  is  much  confusion  among  these  smaller 
forms  of  Cymbelleae.  Thus,  I  have  specimens  marked  by  Brebiason  as  C. 
afflnis,  which  are  C.  ventrlcosa  K.^Encyonema  ventricosum,  whlcb  is 
also  C.  ventrlcosa  of  Ag.  But.  Diat.  Bx.  No.  24,  and  given  by  Rabeahorst 
as  a  brackish  species.  C.  afflnis  haa  a  curved  median  line,  extendln;  to 
the  extremities  of  the  valve,  while  that  of  the  Eocyoneme^  1b  straigbt. 
or  very  nearly  so. 

No.  10.  Cymbella  cistula  E,=Cocconema  W.  S.  This  diatom  occurs 
plentifully  la  the  deposit.  It  is  distinguished  from  C.  cymbiforiais  by 
belDg  more  bent  or  curved  on  the  ventral  margin  of  the  valve,  and  also 
distinctly  inflated.  How  far  these  can  be  accepted  as  specific  characters 
Is  questionable.    It  is  not  difficult  to  find  many  intermediate  speclmeD!' 

No  11.  Cymbella  cuspldata  K.  Common  In  this  deposit,  and  varyloE 
considerably  In  size  and  dlstlDctness  of  the  produced  ends.  It  is  allied 
to  No.  13,  from  which,  however,  it  differs  in  its  smaller  size  and  flo^f 
BtrlatloD.  Both  these  forms  are  common  In  fossil  deposits  and  Id  recent 
gather  I  Dgs.  • 

No.  12.  Cymtiella  cymblformls  E.  Common,  and  doubtfully  distiuci 
from  No.  10,  from  which  It  differs  only  In  wanting  nearly  or  quite  tbe 
inflation  on  the  ventral  margin  of  tbe  valve,  and  in  being  much  le.<$ 
curved.    The  strlation  is  about  the  same. 

No.  13.  Cymbella  ehrenbe[%l!  K.  A  large  and  fine  species,  distin- 
guished from  No.  1'.  by  its  much  coarser  strlation  and  larger  size,  as  well 
assbarper  ends.    It  is  not  rare  In  this  deposit. 

No.  14.'  Cymbella  gastroides  K.  This,  and  probably  numerous  Other 
species,  constituted  by  Orunow,  Kutzlng  aud  Ehrcnbei%,  on  slight 
differences  of  form  or  size,  is  probably  but  a  variety  of  No.  15.  It  is  not 
common  In  this  deposit  and  is  distinguished  mainly  by  its  blunt  ends. 
C.  stoma tophora  Gruo.,  which  Is  a  variety  of  this  diatom,  occurs  11  vlngio 
the  great  lakes,  and  numerous  varieties  of  this  and  tbe  other  Cymbells' 
occur  In  nearly  all  our  sub-peat  deposits. 

No.  15.  Cymbella  lanceolata— Cocconema  W.S.  This  form,  well  Qgured 
in  S.  fi.  D.  tl.  23,  flg.  219,  is  the  same  as  the  typical  slide  of  0.  gastroides. 
Eulensielns  scries  No.  93.  It  Is  the  largest  of  the  Cymbelle^e  found  in 
this  gathering,  and  is  pretty  abundant,  though  the  frustules  are  mostly 
broken.  It  dlfTers  in  size  and  coarser  (moniliform)  strlation,  from  Nos. 
10,  12  and  14,  and  may  be  a  sporangia!  form. 

No.  16.  C.,  parva  I  have  fouud  conjugating,  and  the  sporanglal  frus- 
tules wereC.  cymbiformls, and  as  In  thecaseofNav.  amphlgomphusJbar<; 
actually  found  the  sporangial  forms,  (and  inthesame  gathering)  con'jigat- 
ingand  producing  the  largest  frustules,  N.  iridls.  It  Is  quite  possible''hat 
these  larger  forms  now  designated  C.  lanceolata,  and  C.  gastroldes,m^' 
sporanglal  forms  of  C.  cymblformls  or  C.  cistula,  and  that  Nos.  10,  |2% 
14,  15  and  10  are  hut  one  species.    C.  parva  is  common  in  this  deposit.  1 
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No.  17.  Oymbella  subaequalls  Gnio.  T^ot  comtuon  in  the  deposit, 
nor  have  I  observed  it  Id  any  other  of  the  aub-peat  deposits,  or  recent 
gatherings.  Its  occurrence  therefore  though  rare  In  this  particular  de- 
pos1t,lB  iDterestintf.  The  figure  given  by  Van  Heurcks, atlas  PI.  Ill  fig. 2  is 
a  good  repreaentatlon  from  specimeDS  touDd  at  Brusuels.  The  valve  Is 
aavlculold  with  blunt  ends,  and  distinctly  striated. 

Ho.  18.  Dentlcula  elegaas  E.=D.  ocellata  W.  S.:  rather  rare  fa  this  de- 
posit It  is  distlngoished  by  the  rounded  ends  of  the  valves;  and  the 
Gtrong  pervious  transverse  costae  or  r[t»B,  give  It  the  ocellated  appearance, 
which  distinguishes  It  from  other  species.  This  form,  and  the  next,  with 
many  of  the  Eplthemiae,  atwunds  In  the  thermal  waters  of  the  National 
Park. 

No.  19.  Dentlcula  tenuis  K.  More  abundant  than  the  preceding,  but 
Dot  common.  It  Is  frequently  found  In  ordinary  fresh  water  gatherings; 
atrlation  qnlte  conspicuous. 

No  20.  Encyonema  csespltosum  K.  A  marked  character  of  this 
genus,  which  after  al),  Is  but  Cymbella  living  In  tubes,  while  the  Oocco- 
nemeae  slip  out  and  the  contracted  tube  forms  a  stipe,  Is  this,  viz,  the 
median  line  In  the  other  forms,  terminates  in  the  ends  of  the  valves, 
while  in  Eucyonema,  It  is  nearly  straight  and  terminates  within  the  con- 
yei  margin  of  the  valves.  This  is  a  very  conspicuous  feature  in  the  larger 
form,  but  may  be  noted  also  even  in  the  smaller  forms  like  the  present 
one,  which  Is  tolerably  abundant  in  the  deposit.  It  is  a  common  recent 
form. 

No.  21.  Bncyonema  gracile  E.  This  is  probably  the  Cymbella  scotlca 
W.  S.  It  is  a  Blender  and  somewhat  longer  form  than  the  preceding,  and 
more  delicately  striate  and  wlthsbarperends;it  Is  pretty  abundant  In  the 
deposit. 

No.  22.  Encyonema  prostratum  Berk.  This  is  the  lai^est  and  most 
robust  form,  coarBelymonillform  striate,  and  exhibiting  in  a  marked  man- 
ner the  peculiar  features  of  the  median  line  already  alluded  to.  It  Is  not 
abundant  In  this  deposit,  nor  Indeed  in  anyof  oursub-peatdeposlts.  It  Is 
not  uncommon  In  recent  gatheilngs. 

No.  23.  Encyonema  tui^ldum  Gregory.  This  diatom  Is  common  In 
the  deposit;  it  has  sharp  ends,  aud  Is  coarsely  monillform  striate. 

No.  24.  Encyonema  ventricosum  K..  Smaller  than  the  preceding;  the 
ends  are  slightly  produced;  It  is  C.  affinla  of  Bret.,  and  0.  ventrlcosa  Ag. 
It  la  ver;  variable  In  size;  some  frustules  are  smaller  than  those  of  No  20, 
but  unlike  these  latter,  they  are  almost  straight  on  the  vertical  margin— 
abondaot. 

No.  25.  Epithemla  alpestrls,  "W-  S.  This  Is,  no  doubt,  a  variety  of  No. 
28,  and  also  E.  argus,  as  already  suggested  by  Dr,  Walker-Arnott,  Micro- 
scopical Journal,  Vol.  VII,  1859,  fig,  174.  They  are  all  distinguished  in 
front  view  by  a  series  of  Inter-marglned  ocelli,  or  foramina,  as  they  are 
termed  by  W.S., though  tbey  are  not  openings  at  all, but  siliceous  nodules, 
and  from  these  "eyes"comes  the  specific  name  argus.  E.  alpestrls  was 
separated  as  having  produced  somewhat  recurved  extremities,  and  nearly 
straight  sides  In  f.  v.  Not  rare  in  this  deposit. 

No.  26.  Epithemla  glbba  K.  This  diatom  Is  not  as  abundant  as  the 
preceding,  and  the  valves  are  mostly  broken.  It  Is  quite  distinct  from 
the  other  Eplthemiae,  for  while  these  latter  are  adherent  by  the  concave 
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margin  of  the  frustule,  to  the  steins  of  confervee.  In  the  living  condition; 
Eplthemla  Kiblia  adheres  by  one  end.  It  ia  further  dlstingulahed  b;  the 
absence  of  Rranulea  on  the  valves,  as  in  the  othBr  Bpeciea. 

So.  ZJ.  Eplthemla  granulataK.  Thlsform  Is  perhaps  the  mostabnod- 
aotot  tbeEpltbemlaeIn  the  deposlt.and  Is  characterize b; Its loQg arched 
valves  and  slightly  produced  enda;  and  it  appears  to  be  somewhat  more 
finely  atrlated  and  granulated  than  No.  30,  of  which,  however,  It  may  be 
a  variety. 

No.  28.  Eplthemla  ocellata  K.  The  inflated  fnistulea  and  blunt,  not 
produced  ends,  served  to  separate  tbls  from  IJo.  25.  As  already  remarked 
these  are  features  of  doubtful  specific  value.  This  diatom  la  much  less 
common  to  the  deposit  than  No.  25. 

Kn.  29?  Eplthemla  proboscldea  K.  There  appears  to  be  some  doubt 
about  the  E.  proboscldea  of  W.  S.  being  this  form,  as  the  latter  Is  more 
coarsely  marked  and  the  valves  are  much  more  arched,  and  the  ends 
more  produced  and  recurved.  The  examination  of  W.  Smith's  original 
specimens  shows  that  it  is  quite  distinct  from  our  present  form. 

No,  Ml.  Eplthemla  turglda.  This  Is  doubtfully  dUtlnct  from  No.  27. 
Valves  somewhat  more  arched,  and  apparently,  not  really,  more  coarsely 
granulated,  and  the  ends  are  somewhat  more  recurved.  It  is  not  as  com- 
mon In  the  deposit  as  No.  27. 

No.  31.  EuDotia  arcus  E.  This  Is  not  the  Eunotla  arcus  W.  S.  wblcb 
is  a  very  dlEFerent  diatom, but  it  is  HImandldium  arcus  W.  S.,  a  name  giv- 
en to  the  species  of  the  genus  which  cohered  after  self  division,  forminga 
a  ribbon  or  filament  of  f  rustules,  a  character  considered  now  of  no  specific 
value.  E.  arcus  Is  very  variable  In  size  and  outline,  it  la  generally  arched, 
somewhat  mure  convex  on  the  dorsal  margin,  and  has  produced  ends; 
the  ventral  margin  la  nearly  straight  and  the  valve  la  transversely  and 
conspicuously  striated.  It  is  vtry  abundant  in  the  deposit  and  occure 
plentifully  In  the  many  sub-peat  deposits. 

No.  32.  Eunotla  arcus  var.  bidens  Grun.  This  variety  is  common, 
and  Is  also,  like  E.  arcus,  variable  in  size. 

33.  Eunotla  formica  E.  differs  from  No.  31  in  having  the  ventral  or 
concave  margin  of  the  valve,  sharply  undulated  at  the  middle.  It  is  the 
Himandidlum  uodulatum  of  W.  S.  and  Is  not  uncommon  in  the  deposit. 
It  Is  very  variable  In  size. 

No.  34.  Eunotla  loclsa  Greg.  This  is  a  small  form,  more  delicately 
atrlated  than  the  preceding,  and  is  rather  abundant  In  the  deposit.  It 
occurrs  In  gatheringa  and  fossil  deposits  of  high  latitudes  tn  great  aband- 
ance.  The  valves  have  a  decided  little  notch  near  the  ends,  on  tlie  con- 
cave or  nearly  straight  margin.  This  notch  is,  in  the  other  Eunotlfe, 
replaced  by  an  Inter-mat^lual  nodule. 

No.  35.  Eunotla  major  W.  Ij.— Hlmantidlum  W.  8.  It  is  doubtful 
whether  this  is  anything  more  than  a  targe  variety  of  El  arcus.  It  is 
abundant  In  the  deposit. 

No.  36.  Eunotla  pectlnalls  K.  This  diatom  Is  but  &  variety  of  E.  arcus. 
It  was  called  Himandidlum  pectlnale  by  W.  S.,  and  the  frustulea  do 
adhere  very  firmly;  but  it  differs  In  no  way  from  E.  arcus  except  to  have 
the  dorsal  margin  of  valve  flat,  or  even  slightly  indented,  and  It  is  gener- 
ally somewhat  smaller.    Common. 
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^0.  37.  Fragllarla  coDstrueDS— st&uro9ira  E.— Odontidium  tabellarla 
W.  S.  Yalves  small, bya1iD,aDd  Id  Bated  .sometimes  so  small  as  to  resemble 
a  small  cross,  and  Dot  uolike  small  specimens  of  Tabellarlaflocculosa 
with  whicb  it  has  been  confounded;  It  occurs  Id  fllameDts  of  5  to  10  fnis- 
tules  tn  the  prepared  slides,  and  Is  nut  rare.  An  abnormal  form  of  tbis, 
and  found  only  In  a  single  gathering  at  'irmsby,  fcng.,  wanting  one  of  the 
arms  of  the  cross,  was  called  byW.  Smith  Trlceratium  exlguum;  along 
wltb  It  in  the  same  gathering  was  an  abundance  of  the  normal  furm  with 
both  the  Inflated  and  tbe  staurlniform  valves.  It  is  not  rare  tn  botb 
forms  In  tbe  Minnesota  deposit.  Tbe  Inflated  valves  are  Eutzlng'sNavi- 
cala lnQata,E.  B. Tab.  3  flg.  36.  Odontidtum  paraslticum  W.  S.=Fragllarla 
blnodis  E.  la  probably  this  diatom. 

No.  39.  Fragtiaria  vlrescens.  Not  rare  to  tbe  deposit,  botb  tbe  valves 
with  constricted  ends  and  filaments  of  a  few  frustules. 

No.  39.  Gomphanema  abbrevlatum  E.  This  small  form  is  not  uncom- 
mon in  the  deposit,  the  strl^  are  marginal,  and  easily  seen;  it  may  be  a 
very  small  form  of  No.  43.  It  Is  dlOlcuIt  to  decide  whether  this  Is  Eut- 
Vlng's  species. 

No.  40l  Oompbonema  acuminatum  E.  Tbe  tiompbonemie  are  quite 
abundant  In  this  deposit;  and  Intermediate  forms,  between  species  con- 
stituted by  Ehrengberg  and  many  of  the  continental  observers,  are  not 
rare.  The  present  form,  however,  is  well  marked,  quite  variable  la  size, 
and  readily  recognized.  Noa.  47  and  48  are  probably  slender  varieties  of 
the  present  diatom. 

No.  41.  Gopmhonema  breblsoDll  K.  This,  which  Is  a  large,  well 
marked  variety  of  tbe  preceding,  and  fs  probably  same  asG.  turrls  E., 
occurs  In  considerable  abundance  in  this  deposit.  It  Is  a  marlied  variety, 
and  possibly  a  distinct  species.  It  occurs  living  in  the  great  lakes  and 
tbelr  tributaries,  as  also  all  the  other  forms  In  this  list. 

Ho.  4Z  Qompbonema  capltatum  £.— Q.  elevatum  E.  This  diatom  is 
very  abundant  In  tbe  deposit,  and  also  living  Id  the  great  lakes.  A  large 
variety  has  been  called  G.  herculean  urn  by  Ebrenberg,  and  G.  oregonlcuni 
E.  and  G.  giKanteum  E.  are  probably  varieties,  as  also  Grunow'sG.  robus- 
tum.    It  Is  very  variable  In  size  in  the  deposit.  a 

No.  43.  Gomphonema  commutatum  Grun.,  occurs  abundantly  In  the 
deposit.  I  have  not  observed  it  living.  It  is  more  conspicuously  striated 
than  the  smaller  forms  of  th6  preceding:  strl^  mai^inal;  it  Is  allied  to  O. 
vibrio, and  except  In  the  somewhat  greater  breadth  of  the  valve  is  not  to 
be  distinguished  from  No.  46. 

No,  44.  Gomphonema  constrictum  E.  The  passage  from  No.  42  into 
tbis  form  Is  very  easy,  tbe  capitate  head  Is  more  constricted  and  rounded, 
and  Intermediate  forms  are  not  rare.  It  occurs  in  tbe  deposit  about  as 
frequentl;  as  G.  capltatum  and  is  a  common  form,  living  Id  Dearly  all 
fresb  waters. 

No.  46.  Gomphonema  cristatum  Ralfs.  This  Is  an  Intermediate  form 
betweeo  the  last  and  No.  40.  Notasfrequent  in  the  deposit  as  the  latter 
and  generally  amatler. 

No,  46.  Gomphonema  Intrlcatum  K.  Grunow's  G.  commutatum  is 
allied  to  this,  aud  G.  hebrldense  of  Gregory  is  probably  the  same.  The 
atTix  are  marginal  and  the  central  nodule  is  almost  midway  from  tbe  ends 
of  the  valve.  In  this  respect  differing  from  the  normal  G.  commutatum; 
but  intermediate  forms  are  abundant  In  tbe  deposit.  ^  -  ■ 
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So.  47.  GomphoDema  subtile.  This  Is  a  very  Bleeder  form  of  O.  cod- 
strlctum,  aDd  bo  also  la  No.  48,  and  both  should  be  considered  as  Tarielles. 

No.  49.  Mastoglola  grevlllei  W.  S.  This  diatom  is  Bomewbat  rare  in 
the  deposit  and,  so  far  as  I  am  aware,  has  oot  beeu  found  in  any  other ol 
our  fossil  deposits,  or  Indeed  in  any  gatherings  from  the  western  lakes. 
It  is  a  small,  coarsely-marked  form,  valves  with  cuneate  ends,  and  the 
peculiar  Inflalion  fli^ured  in  the  British  Diatom acefe,Supp.  pi.  i.sii,flg.38!)a, 
on  the  under  surface  of  the  valves  near  the  ends,  Is  quite  apparent.  The 
fruBtules  found  in  the  deposit  are  all  smaller  than  the  orlgloal,  found  at 
Portland  bills  by  Dr.  Greville,  but  otherwise  agreeing  completely. 

No.  50.  Mastoglola  smithii  W.  S.  This  diatom  is  rarer  than  the  last  in 
the  Minnesota  deposit.  It  is,  however,  a  much  more  common  form  in 
fresh  water  gatherings.  As  found  In  the  deposit  the  valves  are  somewhat 
narrower  and  with  sharper  ends  than  the  normal  form.  The  locull  are 
conspicuous  and  the  strlatlou  much  finer  than  that  of  H.  greViUei. 

No,  51.  Melosira  crenulata  K.  The  absence  of  Melosireae  from  the 
Minnesota  deposit  is  a  marked  feature,  inasmuch  as  they  constitute 
the  larger  portion  of  many  of  the  Oregon,  California  and  other  fossit 
deposits  of  the  PaclQc  coast,  and  they  occur  abundantly,  living  in  all 
our  fresh  waters;  but  few  frustuies  were  fouod  of  this  diatom.  It  is 
prottably  but  a  variety  of  M.  nichalcea  (orthosirai  W.  S. 

No.  52.  Helosira  tympanum  E.?  It  is  somewhat  doubtful  whether 
this  Is  the  form  described  by  Ehrenberg  as  occurring  in  the  fossil  deposit, 
Truckee  river,  California,  but  the  few  valves  which  I  have  found  agree 
well  with  his  figures. 

No.  53.  Navicula  acuta  W.  S.  Not  very  abundant  In  this  deposit 
though  not  rare. 

No.  54.  Navicula  ambigua  E.,  rather  rare  In  the  deposit;  the  crati- 
culate  form  is  somewhat  more  abundant;  perhaps  this  may  be  owing 
to  the  striking  character  of  the  latter,  which  makes  It  so  much  more 
conspicuous.  These  craticulate  forms,  arise  from  the  persistence  of  the 
sporangial  sheath  which  envelope  the  frustule.  TheBtrlatlon  on  the  valves, 
can  he  detected  in  under  this.  The  ribs  on  the  sheath,  are  much  more 
pronounced  in  this  form,  and  in  No.  61  to  which  It  is  closely  allied, 
than  in  any  other  of  the  Naviculeje.  N.  breblssonii  perhaps  comes 
nearest,  and  a  new  genus  Perizonium,  was  constituted  to  receive  the 
craticulate  variety  of  this  diatom,  which  was  called  P.  brauuii.  I  have 
observed  these  rib-like  markings  in  the  sporangial  sheaths  of  N.  viridis, 
but  none  are  so  conspicuous  as  these  of  N.  antiqua  and  N.  cuspidata. 
The  genus  Stictodesniis  of  Greville,  appears  to  t>e  founded  upon  this  char 
acter,  and  I  have  observed  it  in  a  amall  marine  form,  no  ways  differing 
from  anliqua.  The  resemblance  of  these  craticulate  markings  Ui 
those  of  Surtrella,  induced  W.  Smith,  Id  the  Birtlsh  Dlatomeceae,  to 
figure  and  describe  our  No.  62,  as  Surirella  crallcularis. 

Ko.  56.  N.  amphigomphus  E.  This  is  a  variety  of  N.  iridia  E.  with 
wedge  shaped  ends.  The  typical  N.  iridis  is  precisely  like  N,  flrma,  Sd. 
66,  but  larger.  It  is  not  rare  in  the  deposit,  and,  like  all  the  varieties  of 
N.  iridis  is  tlnely  striate,  and  shows  apparently  a  few  Intra -marginal 
lines  parallel  with  the  sides  of  the  valve.  All  the  varieties  are  common 
in  our  sul)-peat  deposits. 
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No.  51.  Navtcula  ampbtrbyDcbus  E.  This  variety  of  N.  Irtdls, 
which  scarcely  differs  from  N.  producta,  is  characterised  bf  the  produced 
eods.  It  is  not  rare  Id  the  deposit.  The  ends  ot  the  valve  are  blunt  and 
there  is  a  blank  space  around  the  central  nodule. 

No.  5S.  Navicala  baclllum  E.  This  small  and  somewhat  hyalias  dia- 
tom Is  not  rare  In  the  deposit.  The  valve  has  round  eods  and  straight 
sides,  and  a  distinct  median  line,  with  a  blank  space  around  the  central 
nodule;  striatic n  fine.  It  occurs  in  many  ot  the  eastern  sub- peat  depo- 
sits. I  have  not  observed  It  living  in  any  gatherings  Trom  the  great  lakes, 
but  it  is  abundant  in  some  of  the  fresh  water  ponds  of  the  New  England 
states,  and  in  fossil  deposits  from  Sweden  and  Norway.  N.  baclllaris, 
Grey  is  smaller  and  more  flnejy  marked,  and  is  wtthont  the  central  blank 
space. 

No.  G0.  Navtcula  borealls  E.  K.  This  small  and  coarsely  marked  dia- 
tom. N.  latestriata  of  Oreg.,  Is  usually  found  among  damp  mosses  on 
trees;  It  is  not  rare  In  the  Minnesota  deposit, 

No.  60.  Navicula  braunii  Grev.  A  small  form,  allied  to  N.  gibba,  and 
tolerably  abundant  in  the  deposit;  the  valve  Is  Inflated  and  has  constricted 
and  rounded  ends;  striie  marginal. 

Ho- 61.  Navicula  cuspldata  K.  This  Une  diatom,  whichoccurs  plenti- 
fully Id  recent  gather)n){s  and  In  many  sub-p.'at  deposits;  is  not  very 
common  in  the  Minnesota  deposit.  The  craticutale  form  appears  to  be 
somewhat  n;ore  plentiful,  and  is  a  very  striking  object,  and  generally  a 
little  lai^er  than  the  diatom  as  usually  met  with.  As  already  remarked 
under  No.  54  this  form,  our  No.  62,  was  called  Surlrella craticula  by  W. 
Smitb.    The  valves  are  finely  but  distinctly  striate. 

No.  63.  Navicula  dactylus  E.  Distinguished  from  N.  Irldls  by  Its 
size  and  coarser  pinna;,  and  from  N.  major  and  N.  nobilis  by  its 
straight,  not  Inflated  sides.  Whether  these  features  warrant  a  new 
species  is  questionable.  The  distinction  into  Finnularla'  and  Navlcut(B< 
the  former  having  smooth  (apparently)  ribs,  or  pinnae,  and  the  latter 
striae  made  up  of  fine  dots  Imonlllform),  Is  now  abandoned,  and  all  are 
termed  Navlculs.  The  species  mentioned  above  are  very  common  in  ~ 
sub-peat  deposits  and  in  recent  gatherings.  The  marine  forms  with 
smooth  ribs  are  comparatively  few. 

So  64.  Navicula  dicephala  E.  This  is  thePlnnulariabicepa  of  Gregory, 
who  supposed  it  new,  but  this  name  "biceps"  had  already  been  given  by 
Kutzlng  to  a  different  dlat6m,  and  as  Ehrenberg  has,  no  doubt,  given  the 
name  ■'dicephala"  to  several  entirely  different  forms,  one  of  which  is  the 
"dicephala"  of  W.  Smith  and  our  No.  65,  perhaps  it  would  be  better  to 
adopt  Lagerstedt's  name  and  cal^  the  present  form  N.  bicapltata.  It  is 
a  well  marked,  though  oot  Ikrge  form,  with  straight  sides  and  con- 
stricted rounded  ends,  Inot  unlike  a  "rolling  pin"),  it  Is  dlctlnctly  striate, 
and  is  fairly  abundant  In  the  deposit. 

No.  65.  Navicula  elgloensis  Greg.  This  is  the  N.  dicephala  of  W. 
Smith ;  It  is  smaller  than  the  preceding,  and  the  valve  not  unlike  it  in 
outline;  the  sides  are  generally  a  liLlte  incurved,  and  there  is  a  peculiarity 
In  the  appearance  of  the  central  nodule,  which  at  once  distinguishes  it 
from  No.  64,  which  has  a  blank  space  around  the  nodule,  absent  in  this 
form.  This  Btrlation  is  rather  coarse.  It  is  about  as  abundant  In  the 
deposit  as  No.  64. 
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No.  Se.  Nav^lcula  firiiia.  Tbis  Is  a  smaller  form  of  N.  Iridis,  and  not 
rare  In  the  depoait. 

No.  67.  Navlcula  fontlDalls  Gruo.  I  am  act  quite  cerbaia  tbst  this 
small  diatom,  whlcb  1b  very  rare  Id  the  depoBlt.i^C'runow'B  species.  About 
a  third  of  the  length  of  the  valre,  the  middle  portion  is  blaalc,  giving  tbe 
impression  of  a  wide  stauros. 

No.  68.  N^vicula  K^trum  B.  var.  sbyrlaca  Grun.  This  floe  diatom, 
which  is  not  UDCommoD  in  the  deposit,  reminds  one  at  first  glance  of 
Stauroneis  punctata.  It  Is,  tiowever,  larger  and  much  more  coarsely 
marlted.  The  ends  are  produced  In  this  varlet,y,  rather  more  than  In  the 
norma!  N.  gastrum,  only  one  specimen  of  which  I  obserTed  In  the  pre- 
pared slides.  Tbe  strlEe  are  absent  from  the  center,  much  as  in  Stauroneis 
punctata.  It  Is  a  characteristic  form  in  the  deposit,  and  I  do  not  recol- 
lect ol>3erviQg  It  in  any  other  of  the  sub-peat  deposits,  or  even  la  any  re- 
cent gatherings.  The  normal  form  of  N.  gaatrum,  a^  figured  by  Donkia, 
has  been  found  by  Thomas  and  Chase  In  the  water  supply  of  the  city  ol 
Chicago,  from  lake  Michigan. 

No.  69.  Navlcula  hemiptera  E.  Not  rare  la  the  deposit;  lb  is  a  small 
form,  stritB  marglnal,6utline  of  valve  like  N.  irldis.but  somewhat  narrow 
in  proportion  to  length. 

No.  10.  Navlcula  hitchcockii  E.  Quite  abundant,  and  rather  lar^rer 
than  those  which  I  have  found  in  the  eastern  sub-peat  deposits,  or  In  re- 
centgatberlngs.  It  has  a  hyaline  aspect  and  is  allied  to  the  variety  of 
N.  1 1 mosa,  called  "glbberula"by  Kutzlng.  The  ends,  however,  and  central 
ioflation,  sharper;  but  It  must  be  confessed,  that  some  small  forms  of  N, 
gibberula,  approximate  very  closely  to  it. 

No.  71.  Navlcula  interrupta  W.  S.  This  is  not  the  N.  interrupta  o( 
Kutzlng,  which  is  only  a  variety  of  N.  didyma  E.;  we  may,  therefore,  re- 
tain W.  Smith's  name.  Really,  this  species  is  a  staurlneiform  variety  of 
our  No.  61,  and  exactly  like  it  In  every  respect,  except  the  central  blank 
space  or  stauros  which  characterizes  the  present  form.  It  Is  not  so 
abundant  in  the  deposits  as  No.  61.    Nos.  80  and  81  are  similar  examples. 

No.  72.  Navlcula  lacvlsslma  K,  Stauroneis  rectangularisGr^ory.  A 
smaller  form  than  N.baciilum,  to  which  it  has  a  remote  resemblance,  but 
tbe  mai^ins  of  the  valves  are  slightly  undulate  and  the  striation  some- 
what coarser,  and  instead  of  the  circular  central  blank  space  there  is  ao 
aran^ement  of  the  central  striae  giving  the  impression  of  a  sort  of 
stauros.     It  Is  fairly  abundant  in  the  deposit. 

No.  73.  Navlcula  lata  Breb.  This  diatom  Is  somewhat  rare  in  the  de- 
posit, and  at  once  recogolzed  by  the  very  course  and  distant  pinnae;  N- 
tHirealls  Is  probably  a  very  small  variety.  I  have  not  observed  It  in  any 
recent  gatherlngii,  but  it  is  found  in  some  of  the  fossil  sub-peat  deposits 
of  New  England. 

No.  74.  Navlcula  Icgunien  E.  This  tine  diatom  is  also  rare  In  the  de- 
posit. Tbe  valve  has  three  distinct  undulations  and  rounded  ends;  the 
stri;L-  are  radiate,  not  reaching  the  median  line,  and  there  is  a  large 
central  blank  space,  or  pseudo-stauros  around  the  central  nodule. 

No.  75.  Navicula  limosa  K.  This,  and  Its  varietlesarecommon  In  tbe 
deposit.  It  belongs  to  the  N.  iridis  group,  and  is  distinguished  by  the  in- 
flation at  the  middle  of  the  valve. 

No.  76.  Is  a  variety  of  the  preceding,  with  smaller  and  sharper  ends 
and  somewhat  deeper  const!  re tions. 


Digitiz 


Google 


STATE  QBOLOaiST.  306 

Ho.  T7.  NaTjculit  ventricosa  E.— Donk.  Smaller  than  S.  llmosa,  and 
l«es  iDflated,  the  sides  of  the  valves  are  nearly  stralgbti  Itlscbaracterlzed 
bf  bavlng  a  traasveree  blank  space  around  the  central  nodule,  and  Is  not 
ai  common  as  Noa.  15  and  76. 

Ko.  78.  Navlcula  ludlovlaoa  A.  S.  This  fine  diatom  has  a  resem- 
blance to  N.  peregrlna,  which,  however,  Is  a  marine  spectea;  It  is  charac- 
teristic of  the  Hlaneeota deposit.  It  Is  about  theBizeot  N.  peregrlna,  but 
bas  a  larger  blank  space  at  the  central  nodule.  Itlsfound  In  fossil  deposits 
atShasta,CalJforala,  and  Is  figured  la  Schmidt's  Atlas;  striae  radiate  con- 
spicuous and  not  reaching  the  medium  Hoe. 

No.  79.  Navlcula  major  E.  A  large  form  pretty  abundant  In  the  de- 
posit, and  differing  from  N.  Iridia  and  K.  dactylus  by  having  the  valve 
inflated  at  the  middle. 

Na  80.  Navlcula  mesolepta  E.  This  is  fairly  abundant  in  the  depos- 
it. It  has  three  central  iuflatious  and  is  deeply  constricted  towards 
the  obtuse  extremities.  It  is  N.  nodosa,  B.,  a  form  confounded  aometloiea 
with  S.  l^meo,  and  the  latter  may  possibly  be  a  sporanglal  form  of 
this  diatom. 

No.  81.  Navlcula  mesolapta  var  staurinlformis  E.  Exactly  like  No. 
80,  with  the  exception  that  this  variety  has  a  distinct  central  blank 
(stauroa).    It  Is  not  quite  as  common  Id  the  deposit  as  No.  80. 

No.  82.  Navlcula  nobills  E.  K.  This  Is  a  very  large  form  of  N.  major, 
and  not  rare  in  the  deposit,  though  the  frustules  are  generally  broken. 

No.  83.  Navlcula  slesvicencis  Gnin.  This  diatom  is  probably  a  variety 
of  N.  viridula,  and  is  pretty  abundant  in  the  depos.lt.  The  strlation  in 
our  form  Is  somewhat  more  radiate  than  In  Grunow  's  3pecies,aad  the  ends 
are  a  little  more  produced;  but  In  the  main  it  agrees  so  closely  with  speci- 
mens from  Gninow,  that  I  have  little  hesitation  In  adopting  his  name. 
The  valves  are  slightly  Inflated  and  striae  distinct. 

No.  84.  Navlcula  tri  nod  Is  Lewis.  This  is  not  the  N.  trinodis  of  W. 
Smith,  which  Is  very  much  smaller  and  has  rouaded  ends,  and  was  con- 
sidered by  Dr.  Arnott  as  Achnaothidium.  The  present  form  was  first  fig- 
ured by  Lewis,  in  Notes  on  New  and  Bare  Species  of  the  United  States  Sea- 
board. Fbil.  ISai'.Pl.  II  flg.  e.  His  figure  shows  the  striie  too  plainly,  for 
it  has  a  hyaline  aspect,  and  is  not  very  rare  in  many  recent  gatherings. 
The  constrictions  are  very  much  deeper,  and  the  ends  sharper  than  In  N. 
gibberula:  it  is  more  llke.N.  hitohccckll,  but  smaller,  and  more  deeply 
constricted.  It  is  rare  In  this  deposit,  but  is  found  in  some  of  the  east- 
ern sub-peat  deposits. 

No.  85.  Navicula  vlridis  K.  Abundant,  and  variable  in  length  and 
breadth;  ends  of  valve  round,  and  sides  scarcely  Inflated;  strtiB  or  plnnse 
con  spic  nous. 

No.  b6.  Navlcula  viridula  K.  Common  in  the  deposit,  and  variable  in 
size;  valves  inflated  and  with  punctured  ends.  It  Is  one  of  the  com- 
monest of  our  fresh  water  forms. 

No.  87.  Navlcula  vulpina  £.  This  diatom,  which  Is  not  rare  in  the 
deposit,  resembles  N.  ludloviana,  but  Is  somewhat  more  finely  striate  and 
witb  sharper  ends,  and  wants  the  central  blank  space. 

No.  88.  Navlcula  wlochelllana,  o.  sp..  H.  L.  S.  This  small,  but 
well  marked  diatom,  is  not  very  rare  in  the  Minnesota  deposit.  It  has 
been  figured  by  Donkin  Brit.  Diat.,  pi.  iii,  flg.  9,  as  N.  infiataot  Kutzing. 
Aaexaminationof  EutKlng'sflgure,on  theSantaFioredepositin  whlchh^ 
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found  It,  would  have  showo  that  KutzlDg's  diatom  was  Stauroslracon- 
struens.  TheN.  Inflataof  W.  Smitb  is  still  another  form  found  intbe 
Peterhead  deposit,  and  quite  distinct  from  the  present  one  which  Donklo 
quotes  as  found  in  the  Lough  Mourne  deposit.  The  latter  agrees  in  all 
respects  with  our  form,  and  Is  well  figured  by  Donkin.  It  is  characterised 
by  having  the  two  or  three  central  strim  somewhat  stronger  or  fa.rther 
apart  so  as  to  give  the  appearance  of  a  pseudo-stauros.  No.  253CleveaDd 
Molter,  Nav.  virldula,  var.  amplceros  as  figured  In  Schmidt's  Atlas,mlgbt 
probably  be  mistalcen  for  this,  but  vrants  the  peculiar  pesudo-stauros  aod 
Is  much  larger  and  quite  distinct.  As  the  specific  name  inflata  must  be 
retained  for  JF.  Smith's  form,  I  name  the  present  one  after  Prof.  Wlnchell, 
who  discovered  the  deposit. 

No.  89.  NItzschIa  amphioxys  K.  W.  S.  Not  rare  ip  the  deposit,  bQt 
very  variable  in  size.    The  latter  ones  are  generally  broken. 

No,  90.  Nltr^chla  thermalis.  Less  abundant  than  N.  amphioxys,  and 
distinguished  by  the  valve  having  straight  or  Dllghtly  Incurved  sides  and 
sharply  constricted  capitate  ends.  The  paucity  of  Nitzschia^  In  this 
deposit  is  marked. 

No.  91.  Stauroneis  acuta  W,  S.  Not  uncommon  in  the  deposit.  The 
valve  has  straight  or  somewhat  incurved  sides  with  sharp  ends,  and 
presents  a  rhomboldal  aspect;  striae  distinct.  It  in  found  in  recent 
gatherings  with  the  valves  adhering  somewb  a  I  tenaciously  into  a  Qlameat 
of  six  or  nine  frustules,  and  Is  not  uncommon  In  aub-peat  deposits. 

No.  92.  Stauroneis  anceps  E.  This  Is  a.  small  form  with  produced 
capitate  ends,  and  finely  striate,  and  Is  sparingly  abundant  to  th? 
deposit.  There  are  Intermediate  forms  between  this  and  the  next  No  ,  so 
that  it  is  doubtful  whither  this  Is  not  a  variety.  The  stauros  barei; 
extends  to  the  margin  of  the  valve. 

No.  93.  Stauroneis  gracilis  E.  Much  like  the  preceding  but  more 
distinctly  striate  and  longer,  ends  o(  valves  slightly  produced;  not 
capitate.   This  Is  really  the  parent  frusbule  of  S.  phoeniceuteron. 

No.  96.  Surlrella  crenulata  E.  Only  a  few  fragments  of  tbta  were 
found.  It  is  quite  common  in  the  fossil  deposits  from  Utah,  and  is 
figured  by  EhrenOens,  Abh.  der  KOnigh  Akad.  1870,  T.  ll,  and  fig,  6. 

No.  97.  Surirelia  splendida  E,  Fragments  only  were  found  of  this 
diatom,  but  more  abundant  than  the  last.  It  ts  a  very  common  form  in 
recent  gatherings  and  In  sub-peat  deposits.  No  other  species  of  the 
genus  Surirelia  were  observed  in  the  deposit. 

No.  98.  Synedra  capltata  E.  Broken  frustules  of  this  were  not  rare, 
and  also  of  the  next  species. 

No.  99.  Synedra  longlsslma  and  possibly  of  S.  radians.  They  were  too 
fragmentary  to  decide. 

No.  100.    Tabellaria  fenestrata  K.    Abundant. 
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•THE  PREPARATION  OF  DIATOMACE^. 

BY  DB.  CHBISTOPHEB  JOHNSTON. 
In  all  the  range  of  mioroscopic  research  there  is  confessedly 
nothing  which  offers  more  sednctiTe  attraction  than  that  departs 
ment  of  botany  which  comprises  the  DiatomacecE.  Apart  from  the 
exoIoBiveness  with  which  the  microscopist  makes  his  obserrations 
and  pushes  his  inqairiefi,  there  are  charms  which  attach  to  the  life, 
the  modes  and  the  extent  of  the  reproduction,  and  to  the  vast  re- 
BQlte  which  follow  the  mnltiplioation  of  these  organisms.  There 
ia  alao  a  pleasing  bewUdermeDt  in  their  large  variety  of  form  and 
dimenaion,  from  the  grosser  discoida  to  the  almost  infinitely  little 
living  chambers;  and  a  perpetaal  delight  afforded  by  their  archi- 
tectural beauty,  and  b^  the  marvelotiB  and  matcblees  delicacy  of 
the  designe  sculptnred  npon  the  silioeone  skeletons  of  th^ir  fros- 
toles.  The  man  of  science  pansea  in  hie  work  to  pore  over  the 
tracery  of  detail,  and  the  phil(»ophic  student  exhansts  resoorce  to 
effect  combinations  in  objectives  and  in  ocalars  which  shall  serve 
to  bring  the  "markings"  into  view  and  to  perpetuate  the  pictnre 
by  photography. 

However  great  the  interest  which  life,  habits,  and  reprodnction 
inspire,  the  struotnre  and  oonfigoration  of  the  siliceoiiB  part  espe- 
cially'bommand  attention;  for  this  flinty  framework,  resisting  time 
and  decay,  alone  endnree,  and  is  a  recognizable  inte^al  in  vast 
strata  qf  the  earth's  surface,  while  the  softer  organic  portion,  leav- 
ing the  character  of  the  diatom  to  the  skeleton,  is  oanght  np  and 
utilized  in  obedience  to  the  law  which  compels  organic  matter  to 
inoeseant  action,  whether  it  moont  sncceseively  higher  or  fall 
within  the  scope  of  the  humblest  organism.  This  animated  matter 
loses  its  identity,  and  its  relations  to  particular  forms,  bat  the  sili- 
ciGed  cachet  of  Triceratium  and  of  Coscitiodiscus  is  as  palpable  in  ' 
the  pillared  rock  or  the  California  stratum  as  in  the  recent  condi- 
tion, or  in  the  softer  "deposits"  of  Nottiogbam,  Md.,  and  of  Moron, 
Spain,  or  in  the  goano  accamalations  of  the  Chinoha  and  other 
islands. 

■'Preparation  of  the  "Diatomacese"  oaght  strictly  to  signify  the 
preservation  of  individuals  or  groups  of  these  organisms  in  a  per- 
manent way,  and  their  arrangement  in  a  condition  suitable  for 
study  and  future  reference.  We  would  begin  with  the  deep  sea- 
soundings  and  end  with  animated  pool  water.  It  is  not  our  pur- 
pose, however,  to  discuss  at  present  the  various  devices  adapted  to 
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aooompliBh  a  taek  bo  extended;  bnt  we  desire  to  point  oat  those 
methods  of  isolating  tbe  silioeons  parte  of  Diatoms  to  which  ex- 
perience has  given  repatation. 

It  may  be  worth  while  to  premise  by  stating— what  is,  of  course, 
familiar  to  the  student— that  the  coveted  forms  are  to  be  met  with 
in  a  great  variety  of  conditions,  either  swarming  fresh  and  fnll  of 
life  in  pools,  ponds  or  estnaries,  clothed  in  fibres  of  green,  brown 
or  fellow,  or  clnsteriDg  together  in  springs,  pallnlating  in  lakes 
and  rivers,  or  tossed  by  the  waves  of  the  great  ocean  itself, 
In  some  of  these  situations  the  Diatomaceie  become  and  are  the 
pabnlom  of  myriads  of  beings,  in  whose  bodies,  as  the  Acaleph, 
the  Salpidce,  the  Mollaacs  and  the  HolothuridtB,  their  siliceons 
remains  are  constantly  found  by  the  mioroscopists,  who  use  theee 
and  other  creatures  for  their  dredgers.  They  live  with  and  upon 
other  AlgcB,  and  are  met  with  in  the  green'ooze  of  Conferooi<k, 
and  even  among  the  AfuscidcB. 

Ab  anoietit  or  recently  fossilized,  however,  forming  strata  of  con- 
siderable thiokDesB,  of  widely  different  consistency  and  density, 
and  not  nnfreqaently  of  wide-spread  geographical  distribution,  the 
Diatomace^e  astonish  even  the  workers  in  science  by  the  extent  of 
their  proliferation,  and  by  the  uaeventfal  quiet  of  their  liviug  and 
dying,  apparently  undisturbed  for  whole  ages  in  the  conditions  of 
their  existence.  Examples  of  these  tedions  and  slowly  cumnlative 
(ormatioDB  may  be  instanced  in  Cassel,  in  California,  in  Jutland 
and  in  Maryland  and  Virginia,  the  latter  furnishing  so  many  varie- 
ties of  coofigaration  and  such  rare  beauty  in  design  and  ornament' 
ation.  One  of  these  diatoms,  the  Hetiopelta,  so  much  admired, 
has  been  selected  by  a  distinguished  author  to  grace  the  front  page 
of  his  admirable  work  on  the  microscope. 

It  mast  be  apparent  that  no  one  procraetean  method  of  securing 
the  prize  can  be  made  applicable  in  the  business  of  "preparation." 
The  extreme  delicacy  of  Amphipleura  forbids  the  rough  boiling 
which  Ooscinodisctis  invites;  the  free  recent  forms  of  any  kind  in 
"pure  gatherings"  obviously  requite  nothing  more  than  the  de- 
struction of  the  organic  part,  else  the  fairy-like  emt)oesing,  as 
shown  in  lines  or  dots,  is  blurred,  or  disappears;  while  the  so-called 
DiatomaoeouB  "earths"  or  clays  often  tenaciously  resist  the  de- 
liverance of  the  imbedded  gems,  made  adherent  by  a  filmy,  glaaay 
cement,  the  product  of  time,  an  alkali,  and  a  portion  of  the  seem- 
ing lithophytes  of  other  epochs.  A  lacustrine  deposit  may  be 
washed  out  clean  with  water,  but  rock  must  be  softened  and  sul- 
phate of  lime  removed  by  boiling  chlorhydric  acid. 


>yCOOglC 


8TATB  QEOLOOIST.  309 

Id  gSDeral,  the  bosinese  of  prftparation  iDTolveB  twodistinot  pro- 
oeseea:  first,  the  liberation  of  the  diatoms  (asweeballheDoeforth, 
for  coDTenience,  oall  the  silioeoiu  skeletoas  of  the  DiatomacecB) 
from  all  extraneous  mattere,  with  the  exoeplion  of  amorphoaa  silex 
or  some  silicates;  and,  secondlj/,  the  complete  isolation  of  th«  di- 
atoms themselves.  The  former  is,  at  times,  toilsome  and  disagree- 
able, by  reason  of  acid  fames  which  arise  in  its  cooree;  the  latter 
is  tedious  and,  like  the  other,  tiroe-oonsaming.  Bnt  both  call  for 
a  clear  knowledge  of  method  and  precise  exeeatiTe  manipnlation, 
and  both  demand  of  the  operator  an  intelligent  adaptation  of 
means  to  an  end,  and  the  paUeiKe  with  which  the  attainment  of 
the  end  is  made  possible. 

The  simplest  methods  of  cleaning  are  not  always  the  most  easy, — 
for  example,  the  rescning  of  diatoms  from  among  the  PolyeystincB 
of  Barbadoes, — ^nor  the  most  complicated  always  the  most  difflcolt^ 
as,  for  instance,  the  treatment  required  by  a  sulphate  of  lime  guano 
known  here  as  the  "Algoa  Bay."  Liet  us,  however,  attempt  to 
make  the  several  methods  distinctly  comprehensible,  allhoagh  in 
Bo  doing  we  run  the  risk  of  emulating  the  tediousnesB  of  "neighbor 
Verges." 

ApparatuB  and  Chevacal  Afaierial. — Gluided  by  our  experience, 
the  following- named  articles  are  recommended  as  necessary  for  the 
work  of  cleaning  and  isolating  Diatoms,  which  should  be  done  in 
a  chamber  high  above  the  gruund,  if  possible,  and  not  heated  in 
winter  by  a  flue.  Hoi-water  pipes  are  far  better,  as  affording  im- 
manity  against  dust.     We  enumerate : 

German  beaker  glassee  of  different  sizes,  with  a  number  of  small 
obina  plates  to  serve  as  covers,  several  large  watch-glasses,  or 
shallow  glass  capsules  of  like  shape;  solid  glass  rods  for  stirring; 
small  glass  tubes  or  pipettes;  a  sand  bath  and  an  apparaios  for  heat> 
log;  nitrie  acid,  chlorhjdric  acid,  sulphuric  acid, — all  the  best 
"commercial,"  except  the  last,  which  should  be  "C.  P.";  car- 
bonate of  soda  and  carbonate  of  potassa,  both  0.  P.;  Atkinson's 
alcohol,  freshly  distilled  water,  and  a  copious  supply  of  filtered 
soft  water. 

For  displaying  a  cleaned  sediment  with  the  view  of  securing 
individual  sptoimeos,  a  nnmberof  glass  slides  one  and  a  half  inches 
by  four  inches  should  be  provided;  and  for  the  preservstioc  of 
fiuished  work,  or  clean  diatoms,  a  score  of  small  bottles,  with  corks 
already  fitted. 

Finally  a  large  camel's-hair  pencil;  a  few  slender  cane  (reed) 
strips,  to  serve  eventually,  when  pointed  very  finely,  to  pick  out 
single  valves;  a  supply  of  litmus  paper;  a  glass  funnel,  and  Saxony 
filter  paper,  complete  the  category.  c ,^,-,,-j|„ 
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Method  to  be  Employed. — Ab  pore  diatoms,  guano  £adinge,  and 
diabomac60ii9  earths  or  clays  eaoh  require  separate  modes  of  treat- 
ment, let  ns  first  handle  a  gaano  specimen,  beoanse  some  of  the 
steps  to  be  trodden  may  be  called  fondamental,  or  we  may  say  the; 
are  of  very  general  application;  still,'they  most  in  certain  instancee 
be  prelnded  by  others,  may  not  be  wholly  needed  in  particnlar 
cases,  and  are  of  necessity  to  be  followed  by  supplementary  pro- 
cesses demanded  by  the  peculiar  nature  bf  the  products  obtaiDed- 

A  guano,  such  as  the  Chincha  or  that  of  IchaboEi,  ought  to  be 
coarsely  sifted  to  free  it  from  pebbles,  feathers,  and  masses  of  oryB- 
talUzed  substances.  The  better  part  is  still,  however,  very  het«ro- 
geneoos,  consisting  of  diatoms  in  very  small  percentage,  and  of 
much  extraneous  matter,  earthy,  salty,  and  excrementitial.  Boiling 
water  dissolves  a  great  part  of  all  these,  and  should  be  repeatedly 
applied  to  the  deposit,  and  as  often  suffered  to  stand  after  stirriag, 
BO  as  to  leave  behind  the  insoluble  constitaente,  among  which,  of 
course,  are  the  objects  of  oar  search. 

The  sediment  will  be  materially  lessened  in  balk  by  a  good  boil- 
ing in  a  solution  of  carbonate  of  soda,  one  ounce  to  the  pint,  which 
dissolves  much  organic  as  well  as  some  inorganic  matter,  and, 
besides,  sets  free  adherent  diatoms  without  injuring  their  strac- 
tnfe.    Carbonate  of  potash,  however,  is  not  so  free  from  objectioa 

The  reBiduum,being  drained  uponafilter,  ought  now  to  be  boiled 
in  an  eqaal  part  dilution  of  nitric  acid  for  about  ten  minates  in  a 
Iwaker  glass,  the  quantity  of  the  fluid  being  a  conple  of  inches  in 
hight  above  a  hi^f-inch  of  the  matter  upon  which  it  is  destined 
to  act.  Lime  not  in  the  form  of  eulpbale,  and  some  other  ele- 
ments, are  dissolved  out  as  nitrates,  and  must  be  poured  off  in  the 
solution  when  cold  after  standing.  Hot  water  should  now  be 
added  freely  to  the  sediment  and  ponred  off  after  its  subsidence 
until  all  acid  shall  have  been  removed,  whereupon  the  residunm  is 
to  be  once  more  drained  upon  a  filter. 

The  matter  remaining  is  now  ready  for  pure  nitric  acid,  in  which 
it  is  to  be  boiled  for  five  or  even  ten  minates;  after  which  treat- 
ment, and  before  cooling,  the  whole  must  be  deluged  with  hot 
water.  After  standing,  the  supernatant  liquor  is  to  be  poured  off, 
and  the  refractory  deposit  washed  clean  with  cold  filtered  water, 
and  drained  as  before  stated. 

The  sediment  now  much  reduced  in  quantity,  is  prepared  for 
chlorhydric  acid,  in  which  it  is  to  be  boiled  for  the  removal  of 
sulphate  of  lime  if  in  moderate  quantity,  perhaps  of  a  smalt  per- 
centage of  other  matter,  and  of  such  metallic  stains  as  have 
resisted  the  action  of  the  aqoofortis.     Besides,  the  ohlorine  has 
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bleached  such  vegetable  organic  debrie  as  has  esoaped  destraO' 
tion,  BO  that  the  sediment,  now  oomposed  of  diatoms,  fine  sand  and 
Bilioeoas  dost,  and  eztraneons  vegetable  remains,  appears  of  a  paid 
gray  ooloi. 

When  thoronghly  washed  in  filtered  or  distilled  water,  and  then 
rendered  as  free  from  moistnre  as  possible,  either  by  means  of  a 
filter  or  by  gravitation,  the  deposit  mnst  be  snbjeoted  to  the  action 
of  solpharic  acid,  0.  P.,  which  heated  to  the  boiling  point  ca^- 
bonisee  the  vegetable  matters,  which,  in  a  charred  state,  blacken 
the  flaide.  The  removal  of  this  carbon  is  to  be  accomplished  in 
the  form  of  oarlranic  acid  by  the  addition  to  the  still  boiling  aoid 
of  oxygen,  which  at  the  very  high  boiling  point  of  salphario  aoid 
eombines  with  it,  and  the  gas  escapes  in  eballition.  Nitric  acid 
(KOs),  may  be  slowly  dropped  in,  one  drop  a  time,  (being  very 
careful  to  protect  the  eyes,  face  and  clothing  from  the  miniature 
pyrotechnioB  that  may  reanlt),  antil  the  black  or  dnsky  color  gives 
plaoe  to  the  orange  hue  of  nitrons  acid  (MOg),  being  what  is  left 
of  the  nitrio  acid  that  has  parted  with  two  elements  of  oxygen;  or 
else  chlorate  of  potassa  in  fine  powder,  after  the  manner  of  Bailey, 
may  be  very  gradually,  and  in  small  doses,  dropped  into  the  seeth- 
ing liquid.  Upon  each  contact  of  the  powder  a  vivid  explosion 
takes  place  as  the  carbonaceoos  particles  ignite  and  oonsilme. 
Chlorine  is  evolved,  to  the  great  annoyance  of  the  operator,  and 
sulphate  of  potassa  is  added  measurably  to  the  sand  and  diatoms 
beneath.  Bat  soon  all  is  of  pearly  whiteness,  and  the  process  is 
at  an  end. 

The  task  of  cleaning  is  near  its  accomplishment;  tor  all  that 
remains  to  t>e  done  is  the  abstraction  of  the  aoid  and  the  washing 
oat  of  the  sulphate  of  potash. 

Jjet  the  tyro  be  careful,  and  manipulate  with  deliberation;  for 
the  rapid  admixture  of  sulphuric  acid  and  water  occasions  a  sod- 
den and  considerable  rise  of  temperature.  Instead  of  pouring  or 
drawing  off  the  hot  or  cooled  fiuid,  we  would  recommend  that  a 
large  beaker  glass  two-thirds  full  of  hot  filtered  or  distilled  water 
be  made  ready,  and  that  into  the  water,  by  very  tardy  pouring,  en* 
even  dropping,  the  aoid,  and  all  it  contains,  be  thrown.  When 
cold,  or  nearly  so,  the  supernatant  fluid  must  be  flowed  away, 
which  process  is  facilitated  by  holding  a  glass  rod  against  the 
beaker's  edge  to  guide  the  stream,  and  after  repeated  washings  with 
distilled  water  in  a  fresh  beaker  (for  the  sulphuric  aoid  clings 
to  the  pot-beaker),  the  diatoms,  the  sand,  and  the  amorphous  silica 
alone  survive.  All  is  now  perfectly  clean;  but  the  oonstituente  of 
t^  white  powder  must  await  separation,  and  this  they  can  do  only 
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in  diluie  alcohol,  l»ecaaB6  the  partaoles  mat  or  adhere  irretrier- 
ably  in  water,  in  vbioh.  also,  conferroids  speedily  ariae.  We 
label  the  Teasel,  and  we  ohocse  onr  own  time  for  iaolating  the  pre- 
oiona  forms,  obserrlng,  however,  that  the  whole  sediment  baa 
shrank  within  very  small  dimensions,  as  we  set  aside  the  result 
of  so  mach  labor. 

Finally,  in  reviewing  the  work  done,  let  ns  have  in  mind  the 
intention  of  each  of  the  acids  employed,  and  remember  that  MOf 
boils  at  a  moderately  high  temperature,  which,  as  in  other  flnidB, 
is  increased  by  the  presence  of  pebbles,  bits  of  glass,  or  coarse 
Band;  that  HGj  passes  into  ebullition  at  a  comparatively  low  indi* 
cation  of  the  thermometer;  and  lastly,  that  the  boiling  point  of 
80i  ifl  very  high  indeed, — so  elevated,  in  fact,  as  to  jeopardize  all 
inferior  glass-ware. 

The  foregoing  prooesB  is  open  to  the  charge  of  being  time-oon> 
Burning, — as  are  all  other  methods, — ^bot  we  have  invariably  found 
the  reaultB  to  be  excellent.  The  same  enooess  is  claimed  for  a 
different  procedure,  practiced  and  recommended  by  F.  G,  IStokes,* 
and  which  may  be  here  briefly  set  forth. 

"Provide  a  beaker  glaas  of  six  or  eight;  oaooes  oapaoity,  in  which 
place  about  two  teaapoonfnU  of  guano,  and  then  fill  to  near  the 
top  with  a  saturated  solution  of  carbonate  of  soda.  Soil  for  half 
an  hour,  wash  well  with  water,  and,  after  standing,  pour  off  the 
snpernatant  Enid  very  close. 

Add  now  of  ahlorhydrio  acid  two  onnoes,  boil  also  for  a  half 
honr,  wash  well,  and  pour  off  very  close  once  more. 

Treat  the  sediment  with  one  ounoe  of  strong  Bnlphoric  aoid. 
Let  it  act  for  ten  minntea,  and  then  add  bicarbonate  of  Boda  oan- 
tiously,  either  in  solntion  or  snspeneion.  Shake  well  daring  effer- 
veeceuce,  waah  well,  and,  with  great  caation,  add  two  onnces  of 
nitric  acid.  After  effervescence,  drop  in  two  pinches  of  chlorate 
of  potaafa,  boil  a  half  hour,  or  until  the  deposit  becomes  white, 
and,  finally,  waah  the  sediment  thoroughly." 

From  what  precedtta,  it  must  appear  that  the  aim  of  the  operator 
is  the  removal  of  all  inorganic  substances,  either  originally  solable 
or  artificially  made  so,  prominent  among  which  is  lime,  and  of  all 
organic  matters  reduced  by  a  debtrnctive  process  to  a  solable  or 
gaseous  form.  And  ih  is  also  evident  that  when  certain  of  these 
strange  elements  are  known  to  be  absent,  such  parts  of  the  pro- 
cesses as  are  applicable  to  them  ought  to  be  omitted,  so  that  fewer 
stops  are  necessary  to  attain  the  end.  Silez,  or  sand,  of  course,  is 
not  to  be  regarded  in  this  connection,  as  it  is  as  ineolable  as  the 
Diatoms  themselves. 


•  F.  O.  Stokes.  On  CleanlnK  Diatoms,  Quar.  Joar.  Hlcrtis.  SolHn«e, 
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Suppose  we  take  e.  clay  or  earth,  that  of  NoUingham,  for  ex- 
ample. CretaoeooB  matter  forme  bat  a  small  part  of  its  sabetanoe, 
whidh  ooDsists,  in  fact,  of  DiatomaoeooB  skeletons,  mpre  or  less 
adfaerent  throagh  the  ageacy  of  a  mortar,  probably  a  silicate  of 
lime,  and  of  fine  siliceous  particles,  or  even  sand,  less  closely  con- 
nected. To  disintegrate  a  moss,  let  it  first  be  slaked,  as  it  were, 
by  pouring  over  it  a  strong  solution  of  carbonate  of  soda,  and 
when,  after  a  time,  the  whole  fails  to  pieces  in  lamins  and  in  dnst, 
let  it  be  boiled  for  fifteen  or  twenty  minutes  in  a  quantity  of  the 
same  solution,  and  the  result  will  be  the  reduction  of  the  cement, 
the  formation  of  silicate  of  soda  and  carbonate  of  lime,  and  the 
almost  perfect  cleaning  of  the  diatoms.  The  former  is  removable 
by  hot  water  and  frequent  washings;  the  latter,  by  boiling  in  nitric 
acid;  while  ohlorhydric  acid  dissolves  out  any  sulphate  of  lime 
and,  besides,  bleaches  by  the  abstraction  of  unattacked  metallic 
stains. '  The  fine  siliceous  dust,  the  tormentof  diatomists,  can  only 
be  gotten  rid  of  by  elntriation,  as  will  presently  be  shown,  and 
refractory  particles  or  lumps  must  be  left  behind  in  the  washings. 

If  the  reader  have  followed  our  proces  raisonne,  he  will  hardly 
be  at  a  loss  to  answer  the  query,  "What  are  we  to  do  with  such 
clay  or  rock  as  the  Monterey  f  some  specimens  of  which  we  have 
found  to  be  extremely  hard  or  tenacious.  In  this  instance,  again, 
the  difficulty  presentied  is  the  disintegration  of  the  rock  without 
doing  injury  to  the  diatoms.  We  may  make  the  maw  very  hot 
and  then  drop  it  into  cold  water,  by  which  many  diatoms  will  be 
sacrificed;  or  else  we  may  slightly  warm  the  specimen,  drop  it  into 
a  strong  solution  of  carbonate  of  potash,  and  boil  for  a  time,  to 
be  ascertained  by  the  breaking  down  of  the  original  tamp.  In  the 
same  way,  carbonate  of  soda  may  be  employed,  with  more  safety  to 
the  forms  in  request,  but  with  less  general  success;  while  the  potash, 
which  is  more  energetio  in  decomposing  the  cement,  is  very  de- 
structive, if  not  carefully  watched,  of  the  very  objects  we  seek. 

Once  reduced  to  the  state  of  powder,  the  rules  jast  enunciated 
are  to  be  followed. 

Before  leaving  the  difficult  or  troublesome,  we  feel  obliged  to 
notice  saoh  gnanos  as  contain  sulphate  of  lime  in  any  quantity,  but 
especially  in  large  proportions.  Algoa  Bay  guano  (South  Africa,) 
for  instance,  as  furnished  us  by  a  reliable  person,  was  found  to 
consist  almost  wholly  of  this  refractory  substance,  which  required 
an  especial  treatment.  Being  soluble  in  boiling  and  hot  dilute 
chlorhydric  acid,  it  was  found  neoessary  to  boil  the  Algoa  guano  in 
that  dilation,  and  to  pour  the  whole  on  a  filter,  whereby  the 
sulphate  of  lime  in  solntion  ran  off  and  deposited  on  cooling,  while 
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the  gaaoo  reaidaum  was  otraght  by  the  filter,  to  bB  subjected  ag&in 
end  again  to  the  same  process  aa  loQfi;  as  it  contaioed  the  salt  of 
lime.  The  Bmiil  pottion  of  decalcified  guano  was  next  eiposed  to 
the  action  of  NO^  and  HGI,  in  the  asaal  way,  with  the  result  of 
seoaring  some  beaatifal  Actinopiychi  and  Aulacodiaeus  petenii. 

Recent  gatherings,  anmixed  with  sand,  mud,  or  other  refractory 
extraneon^  Bubstanoes,  are  not  made  to  pass  through  the  ordeal  of 
an  alkali  and  so  many  acids  as  in  the  case  of  a  guano,  but  may  be 
cleaned  by  the  use  of  one  of  these  agents  with  the  aid  of  no  long- 
continued  heat.  Chlorophyll  will  yield  to  carbonate  of  soda, 
and  all  possible  lime  here,  to  nitric  acid;  but  when  we  have  to 
deal  with  very  delicate  Amphipleura3  or  Orammatopkoras, 
marked  with  almost  ghostly  Hoes,  we  should  handle  our  reagents 
with  gloves,  and  not  boil  out  those  exquisite  markings  which  al- 
most rival  the  art-roled  bands  of  Nobert.  Maceration  for  a  time 
may  l>e  snfficient;  or,  if  the  quantity  be  sm^l,  all  phytic  substance 
may  be  burned  away  by  the  heat  of  a  spirit-lamp  flame  applied  be- 
neath a  film  of  mica,  on  which  the  "once  animated  dust"  reposes, 
and  on  which  it  may,  without  change,  he  mounted  in  balsam. 

It  is  needless  to  remind  the  young  operator  of  the  necessity  for 
delicacy  in  all  manipulative  procedures,  and  not  least  in  the  wash- 
ings of  pure  gatherings  or  of  those  containing  the  filmy  forms. 
But  care  is  especially  to  be  exercised  in  the  recovery  of  those  moat 
fragile  diatoms  which  are  met  with  in  Barbadoes  earth.  Water 
alone,  poured  gently  on  this  polycystinoos  deposit,  will  suffice  to 
float  away  and  waft  them  to  slides  ready  for  their  reception.  And 
this  may  be  done  in  a  beaker,  so  that  the  supernatant  water,  ren- 
dered miiky  by  diatoms  and  siliceous  dust,  yields  by  elutriation 
the  fairest  of  resnlts. 

Isolition  of  Diatoms: — We  have  already  pointed  out  the  advan- 
tage, nay,  even  the  necessity,  of  preserving  the  fruits  of  all  clean- 
ings in  dilute  alcohol,  in  which  they  may  rest  in  safety  awaiting  the 
separation  of  the  morphous  from  the  amorphous.  And  we  may 
here  add  the  advice  to  recommit  the  diatoms  to  alcohol  finally  be- 
fore mouuting,  or  iDcidentally,  if  interruption  temporarily  arrest 
the  perfect  course  of  the  isolation.  The  methods  of  Mr.  F.  Okeden* 
by  decantation,  and  by  whirling  in  an  evaporating  capsale  or  large 
watch-glass,  as  suggested  by  Mr.  J.  A.  Talk,t  we  have  found  to 
answer  every  requirement  if  they  be  as  dexterously  managed  as  the; 
are  ingeniously  devised.     But  we  would  call  attention  to  a  point 

•Metliod  of  Wiislilnft  Dlatinuaoeous  Eurtlis  and  Olaya;  Quartetly  Journal  of  Uicros- 
coploal  Scteocc.  vol ,  lil.  p.  IS8. 
tOn  tho  Cleaning  und  Preparing  of  nia'toras.  rol.  xi.  No.  8.  III. 
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Dot  hitherto  noticed,  inoidantal  to  the  deosntation  prooees,  and 
which  has  refereooe  ohiefly  to  the  discoid  forma.  It  is  this:  When 
the  distoms  were  nearly  or  quite  free  from  foreign  matterB,  and 
beaker  glasses  were  being  ased  in  the  preparation,  we  observed  that 
entire  disks  adhered  to  the  fiat  bottoms  of  the  Tessels.  We  atilized 
this  knowledge  by  emptying  a  beaker,  by  washing  it  out  quite  freely 
with  distilled  water,  and,  finally,  by  detaching  aad  collecting  the 
absolutely  perfsot  diatoms  by  means  of  a  soft  camel'a-hair  pencil, 
well  cleaned.  In  this  way  we  have  had  excellent  success  with  many 
gatheriogs,  but  with  none  better  than  the  Nottingham  earth,  as 
was  shown  by  some  of  our  slides  exhibited  in  Chicago  at  the  re- 
omon  of  the  .State  Microscopical  Society  of  Illinois. 

We  hare  now,  by  whatever  process  employed,  attained  the  clean- 
ing and  separation  of  the  diatoms,  and  have  consigned  them  to 
the  temporary  guardianship  of  dilute  alcohol;  but  thA'e  still  remains 
for  aa  the  task  of  a  final  preparation  of  them  for  mounting.  By 
the  plan  adopted  and  suggested  by  Mr.  Okeden  they  have  been 
"sorted"  as  to  size;  yet  one  washing  more  is  necessary  before  we 
can  transfer  them  to  the  expectant  slides.  If  the  diatoms  were  to 
be  dipped  out  by  a  tube  directly,  and  dropped  either  upon  a  cover 
or  a  slide,  the  rapid  alcoholic  evaporation  would  keep  the  whole 
field  in  agitation,  and  the  objects  would  eventually  gronp  together 
in  drying  and  materially  mar  the  baauty  of  the  preparation. 
This  defect  may  be  easily  remedied  by  quickly  washing  oat  the 
alcohol;  after  which  the  even  display  of  the  diatomaceous  forms 
is  readily  accomplished,  especially  if  we  give  the  end  of  the  elide 
a  fillip  with  the  finger  previous  to  patting  it  aside  to  dry  sponta- 
neoasly.  At  this  point  the  microscopist  has  the  election  either  of 
moaating  in  the  dry  way,  or  of  embalming  his  tiny  treaeorea  in 
Canada  balsam.  He  may  add  the  balsam  drop  au  naiurel  and 
gently  heat  over  a  spirit  flame  before  applying  the  cover,  or  he  may 
omit  the  evaporation  and  mount  "soft,"  plaoiog  a  small  screw,  for 
a  weight,  upon  the  cover,  or  be  may  use  balsam  thinned  by  chloro- 
form, or  dissolved  in  absolute  alcohol,  and  filtered  as  recommended 
by  Dr.  Schaeffer,  of  the  Army  Medical  Museum,  and  then  apply 
tbo  oontiaaous  pressure  of  a  small  weight  By  the  first  method  the 
slide  will  be  immediately  ready  for  use  whea  labeled;  by  the 
others,  a  certain  number  of  hours  or  days  must  elapse  before  the 
margins  of  the  covers  will  have  become  securely  attached.  But  the 
work  ie  done,  and  the  student  may  now  gloat  over  the  things  of 
beanty  which  he  views  by  the  light  of  science.  It  is  true  that  he 
may  regret  a  few  forms  which  have  been  floated  off  under  the  de- 
scendiog  cover,  bat  careful  manipulation  alone  will  in  future  pre- 
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veot  this  midhap.  But  how  can  be  imitate  the  eiguisite  gronpingB 
of  the  Dialomaceen-Typn- Platte  of  MOller?  He  may  note  qnal' 
hot  he  may,  with  macb  practice,  approximate  to  the  excellence  of 
that  wonderfally  skillful  preparer  by  arraogiDg  his  diatoms  dry 
apoa  a  slide  or  cover  previously  coated  with  a  thin  film  of  gelatine, 
and  then  fixing  them  by  exposure  for  a  moment  to  tbe  vapor  oE 
distilled  water.  In  mounting  with  balaam  tbe  diatoms  cannot 
change  position,  but  the  gelatine  disappears,  and  is  seen  no  more 
forever. 

Before  closing  this  paper,  perhaps  already  too  long,  we  deem  it 
germane  to  the  subject  to  refer  to  the  plan  which  we  have  adopted 
"with  BuccesB  in  the  selection  or  picking  out  of  particular  diatoma 
It  may  not  be  altogether  original,  yet  it  is  practical,  and  may  aid 
the  inexperienced. 

Nothing  is  easier  than  to  seize  particular  diatoms  and  transfer 
them  to  a  bottle  for  future  use,  or  to  a  slide,  provided  the  field 
from  which  we  select  be  rich  and  clean.  Difficulty,  however,  occurs 
when  forms  in  any  gathering  are  few  and  far  between.  Let  such 
prepared  material  be  spread  upon  a  large  slide,  covering  a  space  of 
one  inch  by  two,  and  let  it  be  filliped  as  it  is  set  away  to  dry  spon- 
taneously. With  a  two-third  inch  objective,  search  the  white  field 
for  any  diatoms  whatever,  and,  upon  finding,  encircle  each  one 
with  a  line,  made  with  the  point  of  a  match  sharpened  and  moist- 
ened, adding  near  the  circle  a  dot,  or  cross,  or  other  sign,  always 
appropriated  to  the  same  diatom,  and  of  which  a  tallying  record 
is  kept  on  paper.  At  leisure  one  may,  without  trouble,  single  out 
any  desired  object,  pick  it  off  with  a  fine  dampened  point  of  cane 
(reed),  not  including  the  siliceous  cuticle,  and  dep(»it  it,  free  from 
injury,  iu  a  small  drop  of  distilled  water  placed  in  tbe  centre  of 
tbe  slide. 

And  here  we  leave  oar  subject,  with  tbe  remarks  that  cone  of 
the  methods  proposed  can  lead  to  success  unless  aided  by  patience' 
painstaking,  the  adaptation  of  means  to  an  end,  and  by  practiced 
manipulative  skill;  and  that  what  appears  to  be  present  perfection 
is  only  to  be  regarded  as  one  of  the  widening  circles  which  tend 
towards,  but  which  never  reach,  ultimathulan  truth. 
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•ON  THE  PREPARATION  OF  DIATOMACE^. 

BI  PBOF.  HAHILTON  L.  SUITB. 

The  foUoviDg  paper  ib  intended  as  a  Bappleoaent  to  the  very  ex- 
celleot  artiflle  b;  Christopbet  Johoston,  M.  D,  in  a  former  nam- 
ber  of  ihie  jonrQal,  ander  the  above  beading,  and  I  know  of  no 
better  guide  for  the  atadeut.  What  I  have  to  say  relates  to  the 
rapid  preparation,  from  crnde  material,  where  this  baa  been  at  all 
carefully  gathered,  and  to  a  mode  of  mounting,  invariably  on  the 
cover  o/the  slide,  not  mentioned  by  Dr.  Joboeton,  bat  whioh  has 
some  great  advantages.  The  gatherings  sboold  not  be  dried,  bat 
kept  moist,  in  phials  with  a  little  creosote  to  prevent  mould.  I 
very  much  prefer  to  examine  whole  froBtnlea,  with  both  valves 
adherent,  or  it  filamentous,  still  cohering.  And  I  have  many  bot- 
tles of  preparations  for  moonting  which  are  nearly  as  clean  as 
thoagh  they  bad  been  treated  with  acids.  And  many  of  the  most 
interesting  preparations  which  I  have  were  never  boiled  in  acids. 
Of  oonrse,  very  maoh  depends  apon  the  skill  and  carefulness  of 
the  gatherer,  and  a  little  patience  and  judgment  will  enable  any 
one  to  obtain  the  emde  material  tolerably  pare.  Only  a  few  days 
ago  I  made  a  gathering  of  Nitzsehice,  in  whiofa  I  have  the  frns- 
tulee  almost  as  free  from  foreign  matter  as  though  they  had  passed 
titroagh  the  moat  elaborate  acid  and  chlorate  of  potaasa  treatment 

Sapposing,  then,  that  one  has  befoie  him  a  phial  whioh  will 
hold  a  oonsiderable  quantity  of  water  compared  with  the  sediment 
in  it,  the  latter  composed  more  or  leas  of  diatoms.  We  proceed 
tims,  and  if  it  has  stood  for  some  days  perfectly  undisturbed  so 
maoh  the  better.  The  bottle  is  twirled  rapidly,  and  the  lighter 
material  rising  up  in  the  axis  will  soon  diffuse  itself  throughout 
the  water.  Allowing  if  to  settle  for  two  or  three  seconds,  until  to  the 
eye  the  grosser  portions  have  just  been  deposited,  all  that  remains 
floating  is  now  poured  off  into  another  phial,  and  it  is  from  this 
stock  that  we  are  to  separate  the  diatoms  and  sand  from  the  clay 
and  organic  matter.  The  material  poured  into  this  second  bottle 
is  allowed  to  settle  until  the  water  simply  appears  milky  or  cloudy; 
the  time  will  vary  according-to  the  minuteness  of  the  diatoms,  and 
can  only  l>6  judged  of  from  experience,  say  one  minate,  when  all 
that  remains  floating  must  be  poured  off,  and  thrown  away,  anless 
there  are  very  minute  forms  which  it  may  be  desirable  to  separate. 
The  phial  is  again  to  be  filled  with  rain,  or  distilled  water,  (hard 
or  lime  water  should  be  strictly  eschewed,)  and  again  shaken  up. 
As  soon  as  the  heaviest  deposit  touches  bottom,  the  rest  should  be 


The  Lens.    Vo).  2,  page  SOft. 


>yC00glC 


318  TWENTIETH   A.NI]l<AL  BEPORT 

poar«d  off  into  a  third  phial,  leaving  eay  about  oDe-fonrth  the 
amount  behiDd  in  the  seooDd  phial.  The  third  phial  will  now  con- 
sist mainly  of  sand  and  diatoms,  with  lighter  organic  matter  and 
pare  clay;  the  last'two  can  be  removed  by  elatriation;  for  this  par- 
pose,  fill  the  phial  No.  3  with  water,  and  after  well  shaking  allow 
it  to  settle  two  to  five  minutes,  pour  off  and  throw  away  the  slightly 
milky  water,  and  repeat  the  operation,  allowing  it  to  settle  a  Bome- 
what  longer  time;  the  operation  maybe  repeated  a  third  time, 
when  particles,  saspended  after  an  interval  of  eight  or  ten  miootes 
may  be  poored  off.  Often,  after  the  first  settling  of  bottle  Na  2, 
the  diatoms  will  rise  more  pare  in  the  mass  by  twirling  the  bottle 
than  by  shaking  it  np.  A  little  practice  and  care  will  enable  any  one 
to  separate  certain  diatoms,  aocording  to  size.  I  had  a  gathering  of 
Pleusoaigma  upencerii  from  Scioto  river,  O.,  sent  to  me,  bnt 
although  it  had  been  chlorated,  still  when  a  moanting  was  made, 
not  more  than  one  or  two  frnstnles  would  be  in  the  field  of  view, 
the  great  mass  being  either  smaller  forms,  or  fine  fragments  of 
silex;  by  careful  watching  and  testing  the  time  when  the  different 
sizes  would  remain  suspended,  I  have  made  from  this  a  prepara- 
tion, which  will  show  handreds  where  before  were  scarcely  any, 
and  which  would  never  be  recognized  as  the  same  gathering.  Sap- 
posing  now  a  trial  shows  us  the  diatoms  tolerably  abundant,  the 
trial  being  made  by  heating  in  the  manner  presently  to.be  de- 
scribed; the  phial  is  filled  with  alcohol  and  water,  half  and  half. 
Some  samples  of  alcohol  leave  behind  a  scum  after  evaporation, 
especially  noticeable  after  burning  in  the  mode  presently  to  be  de- 
scribed, and  water  which  will  leave  crystals,  or  any  scum,  must  l>e 
avoided;  the  beauty  of  the  preparation  will  largely  depend  apon 
being  particular  in  this  matter. 

For  mounting  diatoms  I  invariably  place  a  drop  of  the  fluid  con- 
taining them  upon  the  cover,  never  on  the  slide.  The  alcohol  and 
water  will  spread  out  on  the  slide,  but  will  remain  heaped  up  on 
the  round  cover, like  a  plain  convex  lens.  I  prepare  a 
little  stand,  represented  in  the  aocompaning  wood  cut, 
of  quite  fine  wire(  so  as  not  to  conduct  off  toomach  beat) 
bent  at  right  angles  and  inserted  into  a  base;  the  free 
end  is  bent  into  a  ring,  and  upon  this  ring  is  placed  a 
square  plate  of  very  thin  iron  (such  as  is  used  for  the 
so-called  "tintypes"  in  photography,  with  the  Japan 
burned  off),  held  in  place  by  bending  the  corners  of  the  square  over 
the  ring,  loosely,  to  allow  expansion,  without  bending  when  heated; 
upon  this  plate  the  cleaned  cover  is  placed,  and  then  by  means  of 
a  pipette,  a  drop  of  the  alcoholic  liquid  with  the  diatoms  is  placed 
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apon  it,  and  the  spirit  l&mp  applied  below.  The  alcohol  takes  fire 
and  is  allowed  to  barn  out;  the  flame  of  the  lamp  is  then  placed 
beneath,  and  the  rest  gently  boiled,  the  remaining  alcohol  eBoap- 
ing  daring  this  eballition  canses  the  diatoms,  by  this  very  act,  to 
distribute  themselves  very  evenly  over  the  cover,  and  all  matting 
is  effectoally  prevented.  It  is  better  after  one  perceives  that  this 
even  distribation  has  taken  place,  not  to  pnah  the  heat  so  as  to 
make  large  babbles  agaiu,  but  to  slowly  evaporate  antil  dry,  after 
which  the  fnll  power  of  the  flame  must  be  applied  antil  the  iron 
plate  and  the  glass  cover  is  red  hot;  at  first  the  mass  of  diatoms, 
&0.,  will  beoome  black,  but  as  the  orRaoic  contents  and  debris  barn 
away  there  wilt  finally  renxaiu  only  the  silex  nearly  white.  I  in- 
variably bam  in  this  -manner  on  the  cover,  even  the  specimens 
which  have  been  prepared  with  acids,  tor  the  diatoms  thas  treated 
when  mounted  appear  maoh  sharper  and  cleaner.  The  amoant  of 
heat,  if  the  diatoms  are  rigidly  siliceoas.  as  most  of  them  are,  may 
be  the  full  power  of  an  ordinary  alcohol  flame  continued  for  some 
time,  but  if  they  are  imperfectly  silioeotis,  oare  must  be  exercised 
in  the  barning. 

I  invariably  use  old  balsam  for  mounting,  just  as  boaght  from 
the  shops,  especially  if  I  wish  to  have  a  specimen  which  will  bear 
immediate  handling,  or  be  ready  to  be  sent  off  soon  as  mounted. 
Allowing  then  the  cover  to  cool,  while  the  elide  is  being  cleaned  to 
receive  it,  I  place  a  drop  of  the  balsam,  which  must  not  be  fluid, 
only  viscous,  on  the  middle  of  the  slide,  and  now  with  this  pick  up 
the  cover  from  the  little  stand  where  it  has  been  heated.  The  di- 
atoms will  be  so  fastened  by  the  heating,  that  bat  few  will  flow  oat 
from  under  the  cover,  if  any,  in  the  subsequent  treatment.  I  how 
hold  the  slide  over  the  flame  of  the  lamp  (which  should  be  much 
smaller  than  when  used  for  the  burning,)  until  not  only  all  under 
the  cover  is  a  mass  of  small  babbles,  but  until  very  large  babbles, 
balsam  steam,  appear;  the  flame  is  removed  soon  as  the  bubbles 
are  observed  all  running  to  one  edge.  I  press  down  tlje  cover  at 
this  place  by  a  mounted  pin  and  start  them  in  the  opposite  direc- 
tion. This  may  seem  unnecessary,  but  long  experience  shows 
that  this  is  the  better  way  to  get  rid  of  them;  during  this  the 
slide  ia  held  somewhat  obliquely,  the  cover  is  kept  from  slipping 
by  the  pin,  and  if  all  the  babbles  do  not  disappear,  then  with  a  very 
small  flame  heat  is  applied  just  beneath  the  obstinate  ones,  the 
slide  being  held  slanting,  and  that  part  upwards  where  the 
babbles  are  nearest  the  edge  of  the  cover.  The  description  is 
longer  than  the  actual  process,  and  the  slide  when  cool  is  ready  for 
immediate   use.     Perhaps  I  am   wedded  to  old  ways,  but  after 
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trial  of  flaid  bala&ms,  tritboat  heat,  I  have  always  oome  back  to  the 
old  way  ;  still,  for  selected  diatoms,  some  of  these  preparations  of 
balsam  are  good.  If  the  diatoms  are  to  be  moanted  dry,  always 
the  best  way,  if  for  real  study,  I  make  a  ring  of  the  zinc  white  in 
balsam  (aold  by  tbe  opticians),  and  which  in  a  moment  or  two  ie 
sufficiently  hard  to  receive  tbe  cover,  and  ttever  runs  in;  after 
standing  an  hoar  or  two  I  give  a  finiahing  ring  of  the  same,  or 
the  nsnal  black  varnish  on  the  outside.    ' 

I  think  any  one  who  will  adopt  tbe  mode  of  mounting  on  the 
cover,  and  subsequent  heating,  as  above  described,  whatever  may 
be  the  rest  of  the  procedure,  will  never  consent  to  give  up  this 
part,  sinoe  it  effects  eo  even  a  distribntioa,  and  such  destruction  of 
residual  organic  matter,  and  gives  such  increased  brilliancy  to  the 
preparations ;  sometimes,  if  the  acid  has  not  been  thoroughly 
washed  out  of  acid  treated  specimens,  soappy  explosions  will 
occar  when  the  alcoholic  mixture  is  heated ;  of  course,  the 
remedy  is  to  pour  off,  and  replace  with  pare  water  and  alcohol. 
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VII. 
OXIDE  OF  MANGANESE. 


It  was  throQgh  the  pflrseveriiig  efForte  of  Mr.  J.  N.  Stooy  that 
this  ore  has  been  disooTered  at  and  near  Moniicello,  in  Wright 
connty.  He  first  noticed  a  black  enbatanoe  along  the  bank  of  the 
Miasiesippi,  overlying  the  gray  bonlder  clay  and  underlying  a 
thick  stratntn  of  gravel  and  sand.  This  black  substance  appealed 
to  be  brought  to  the  surface  and  to  be  distributed  more  or  less  on 
the  elope  for  a  distance  of  several  rods,  through  the  action  of  spring 
water  which  constantly  oozed  from  the  bluff  at  about  the  same 
level.  On  having  an  analysis  made  Prof.  Dodge  reported  the  fol- 
lowing May  26, 1891: 


Saod  and  clay 

Garb.  lime 

Carb.  magnesia 

Oside  of  iron - 

Black  oxide  of  mangaaese 

Phosphorus 

.Sulphur 

Water  of  hydration  and  organic  matter  . . 


100.00 
Subsequently  considerable  examination  was  made  in  some  of  the 
b(^  in  the  vicinity  further  west  and  north,  so  situated  as  to  pre- 
Bomably  constitute  the  main  reservoir,  notably  for  the  water  seen 
at  the  river  bank,  but  also  for  the  principal  deposit  of  the  manga- 
nese oxide,  and,  although  several  analyses  were  made  of  a  ferru- 
ginous sub-peat  deposit,  no  manganese  oxide  of  sufficient  purity 
wafi  found  at  that  time.  Several  shipments  of  a  few  tons  each 
were  made  from  the  orignial  locality,  and  the  exoellenoe  of  the 
product  stimulated  further  exploration.  The  result  has  been  to 
demonstrate  that  in  several  places  a  bog  manganese  exists  in  con- 
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aiderable  qnantity,  more  or  teas  SBSooiated  with  bog  iron  ore,  con- 
stitatisg  an  ore  whiah  is  valnable  for  many  ases  in  tbe  arts.  Anal- 
yses show  manganese  oxide  ranging  from  almost  nothio);  to  ten 
per  oent.,  and  iron  oxide  to  thirty  and  forty  per  oent.,  with  the 
nsual  Tarying  aooompaniments  of  carbonate  of  lime,  silica  and  or- 
ganic matter.  Such  an  ore  is  widely  distributed  through  that  part 
of  the  state,  and  it  is  very  probable  that,  if  exploration  be  contin- 
ued, larger  deposits  of  as  greet  parity  as  that  which  is  found  in 
limited  amount  by  the  bank  ot  the  river,  and  analyzed  as  above, 
will  be  brought  to  light. 

It  has  also  been  noticed  that  some  ot  the  iron  ore  deposits  lately 
disoovered  on  the  Mesabi  range  are  accompanied  by  a  noteworthy 
percentage  of  manganese  oxide,  promising  to  be  more  valuable 
as  manganese  oree  than  as  iron  ores. 
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ProbOBClnii  tumulosa  ITlrloh  

troudoaa  Nicboliion 

Mltoclem&(?linundiiluinUlrlch 

KblDldlctyn  neglecU  Ulrloh 

■nlaTma  DIrlch 

Tar.modeatft  Ulrlch... 

Pachjdictya  pumlta  Ulrloh _         . 

ArtbroiKira  buurcHta,  Ulrlcb  ., 


July,^  IWl 
Aug..    IMl 


Stlctoporella  < 


Calloporn  goodbuenals 
■•       Jumalls  Din 


pulcliella  Tur.  perstmlllH  Ulrlch. 
Homotrypa  separuiiL  Ulrich — 
■-      tubercalMaUlrlcb... 
■ypella  (!)  ovataUlrlcl 

rustics  Ulrlah 

Aspidopora  elegantula  Ulrlcb  .. 


Mesotrypa  (?)  spina 


a  Ulrli 


a.  tllrlch... 


i  nirlob... 


Eridotrypa  exlgnit  Ulrlcb 

CoDStellarla  varla  Dlrlch 

NIcbolsonella  pulchra  Ulrlch . 

Loptotrypa claTltoroiU  Dlrlob 

Nemalopora  ovallB  Ulrlch 

BatoaMma  tiiontuosuni  Ulrlcb 

varl urn  Ulrlcb 

tortile  Ulrloh 

"  var  clroulare  Ulrlch  .. 
Lepta^na  ualoostata  Meok  *  Worthen 


(!) 

J" 
ft  EuimoDs. 


var.  loxorhytlB  MoBk 


■.i  RlbLosa  Winch.  &  Schuc 
ncurvataSheppard 
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Collector  and  ReioBrks. 


CaniioD  Falls.  HIan 

ClndnDaU.  Ohio 

CaoDOD  PhIIs.  Minn 

Sear  Danville,  Ky 

CaDuoa  Falls,   UIdq 

Sl.Paul.Hinn ...]'"\'."'\l' 

Near  OauDOD  Falls,  UIdd 

WaTDesvIlle.  Obio 

UlaDeBpolls.  Hinn 

Near  Cannon  FkllsI'Miiin!:;.'!!! 

31,  Paul,  Minn 

Near  CaaooQ  Fail's.'  Mlii'ti . . 
Mianeapolls,  Hlnn..  . 
NearOanooD  Falls,  HIdq 

Rli^binond,  Ind 

ScPbuI,  Minn  

UlnneapollB.  HIdd 

Decorah.  Iowa 

NeBrllaDDOD  Falls,  Hlna 

Kurfreesboro.  TeDD 

HloaeiipollB.  Minn 

NearCannon  Falls.  Hlna 

Hlnoeapolls.  HIdd 

fuPaunilnn 

NearOraneer.  Minn 

GraMowa 

-SprlnB  Valley.  Minn 

Irenfildite.  Wis  ..  

West  iilde.  St.  Paul.  Minn 

HcGreeor.  Iowa    

Decorah.  Iowa 

Mineral  Point,  Wis 

Eocklon.  Ill 

JaneBvllle,    Wla  

4Dille!inortbot  Belolt,   Wis.... 

Prealon.  UluD 

U  D).  8.  ol  Uannon  Falls,  Hlnn.. 

Preston,  Hlnn 

(ml,  S.  of  Oanoon  S'alls,  Hlnn. 

Mineral  Prfnt.  Wis 

Spring  Valler.  Minn 

Imn  Ridge.  Wis 

Oahtoali,  Wla 

Dubuque.  Iowa 

Welsebacb'sflani  nr.  Spring  Val. 

Haawville,  Minn..,."^ ." 

Near  OraQEer,  Hlnn 

BellTme.S  V 

3ail  S  or  Cannon  Falls.  Hlnn.. 
345iu.8.ot  Cannon  Falls,  Minn. 

M»Btorvllle,  Hlnn 

Dodievllle,  Wis 

Hciiregor,  loira 

I>«vorali.  Iowa 

Mineral  Point,  Wis 

♦  ml.  N.  ofBelolt,  Wla 

JaoeBvlU-.  Wis 

Mineral  Point,  WU 

RoeLtoo,  111 


Tr-nt 


ahnlea 


Hudson  Ulver 

Trent.  ebalBB 

Trenton 

Galena  sbalea 

Trenton 

Oalenaabales 
Trenton 

Hudson  Rlv« 

Trenton 

Galena  shales 
Trenton 

Galena  sbales 
Hudson  River 
Galena  shales 


•T  ScoSeld  &Scliuohert. 


Trent,   sbalea 


L.  blue  beds 

Trent.  sbaU- 
Galena  shales 

Trent,    shales 
Galena  sha- 
ll pper  bulT 
'■-•■- in  ail 

Top  ot  Galena 

Galena 

Hudson  RIv 

Galena 

Trenton,'!! 

Trent,_9hal 

Trenton.... 
L  blue  bed: 


ScoSeld  &  Scbuc 


Scodeld  &  Schu< 


C.  Sfhuehert. 
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Additions  to  the  Library  Since  the  Report  for  1890. 

A 

Albany.    Oeol.  Surrey  of  S.  Y.  Paleootology,  vol.  zlil.    Ad.  Bep.  vIU-x. 

N.  T.  State  Huse^m,    Ad.  Beps.  43  aod  U. 
AvaUn.    Oeol.  Survey  of  Texas.    SecoDtl  Report  of  FroBreea,  Bulletins  2 
and  3. 
Qeol.  Survey  of  Texas.    Bulletins  1-3;  Second  Beport  of  Progress: 
Third  Annual  Report  fur  1891. 
Avon.    American  Antiquarian,  vol.  zW,  No.  6,  Sept.  1882. 
American  AntiquarlaD  vol.  xlv,  No.  6,  Nov,  1892. 
B 
SaUimore.    Amer.  Cbem.  Jour,  xlll,  7,  8;  xlv,  1-5;  Johna  Hopkins  Dniv. 
Ad.  Bep.  xvl;  BloL  Lab.  Studies  v,  1;  Circulars  ix,  80,  81;  z  84,  87, 
88;  xl  92-99; 
JobDS  Hopkins  Univ.  Circulars,  vol.  xf.  No.  100.    July  1892. 
Johns  Hopkins  Univ.  Circulars,  vol.  xii.  No.  101,  Nov.  1892. 
Amer.  Chem.  Jour.,  vol.  xiv.  No.  6.    Oct.  1892. 
Amer.  Chem.  Jour.,  vol.  xiv,  No.  7.    Nov.  1892. 
Amer.  Chem.  Jour.,  vol.  xlv.  No.  8.    Dec.  1892. 
Johns  Hopkins  Univ.  Circulars,  vol.  ill.  No.  102,  1893. 
Basel,    Naturforschenden  Gesellschaft  Verhandlungen  Ix,  2. 
Berlin.    Verhandl.  Gesellschaft  fur  Erkunde,  Band  xlx.  Nob.  2,  3,  4,  5, 
1892. 
Qesellscbaft  fur  Erkunde  Zeltscbrift  xxvi,   4-6.    Yerbandlungen 

XvUl,  7-10;  xlx,  1. 
Zeitscbrltt  Oesellsctaaft  fur  Erkunde,  Band  xxvit,  Noe.  I,  2,  1882. 
Bern.    Mitt.  Naturf.  Gesellschaft,  Nos.  1,  285-1268,  1891. 
Bonn.    Naturhistorischen  Vereios  der  Bhelnlanile,  Westfalens,  und  des 

Regl]e£uks  osnabruck,  Verhandlungen,  vlll,  5. 
Boston.    Proc.  Amer  Acad.  Art  and  Science.    1890-91. 

New  England  Magazine.    N.  S.  ill,  6;  Iv,  2;  old  serleelx,  6. 
Bologna.    Memorle  della  B.     Accademia  delle  Scienze  dell  Instltuto. 

Serie  v,  Tomo  i.    1891. 
Bridgeport    List  of  birds  found  in  the  vicinity  of  Bridgeport. 
Brunn.    Yerhandi.  Naturf.  Yereines,  band  xxix.    1690. 

Berlcbt  Meteorology  Commission  Naturf.  Yereines  Beobachtang  im 
Jahre  1689. 
BruxeHUe.  Soo.  Etomologique  deBelglque,  Compte-Reudu  Series,  tv,  15-25. 

C 
Cambrid  e.    Peabody  Museum  of  Amer.  Archeology  and  Ethnology.    An, 
Bep.  zxil,  3,  4. 

Harvard  CoU.  Mus.  Com  Zool.  Bulletin  xxiii,"4.£]?92.      

Mus.  Com.  Zool.  Harvard  Coll.    An.  Bep rof  "Curator,  1891.    Bulle- 
tins xxii.  l-4;xxiif,  1,2. 
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CAampaicpn.    Bulletin  111.  State  Lab.  Nat.  Hist.,  vol.  lil,  Article  xlti,  1892. 

Biennial  Bep.  ot  Director  of  111.  State  Lab.  Nat.  Hist,  for  1891-92. 
Chapel  BiU.    Ellstia  Mitchell  Scl.  Soc.  Jour,  vlli,  1,  2,  v  2. 
Chicago,    The  Biickmaker,  Ix,  5. 

World's  Columbian  Expoattloo.    Flan  aod  Claseiacation.    1892. 
Ckrvtiama.    Jahrbuch  des  Norwegeecbeu  Ueteorologlschen  lostituto  fur 
1890. 
Sorwegian  North  Atlantic  Expedition.     Zoology.     Crlnolda  und 
Ecblnolda.    1892. 
Chw.    Jahreeb.  'Naturf.  Oesellschaft  GranbuadeDs  far  1690-91,  xxxv  Jahr- 

eang. 
Cincinnati    Soc.  Hat.  Hist.  Jour.,  xlv,  3,  4;  it,  1. 
Soc.  Nat.  Hist.  Jour.,  xv,  2.    July  1S92. 
D 
Barnuiadt.    Vereins  fur  Erdkunde.    Notlzblatt,  iv,  12. 

Abhandl.  G^eoi.  Landesanstalt,  Baud  II.  Heft  2.    1892. 
Abhandl.  11,  Geo).  LandesaiiBtalt. 
Denver.    State  School  of  Mines.    An.  Bep.  1885.  1889.   Bleoiiial  Bep.  1666, 
1890.    Bonding  Stones  of  Colorado,  1884.    Catalogue,  1890-91. 
Colorado  Sclentiflc  Society,  FroceedlogB,  ili,  3. 
On  the  ore  deposits  of  Newman  Hill,  near  Rico,  Col. 
The  Nature  of  the  Cbemical  Elements. 
Geology  of  Colorado  Ore  Deposits.    1688 
Fuel  Besonrcee  o(  Colorado.    18B0. 

The  Po6t-Laramle  Beds  of  Middle  Park,  Col.,  by  Whitman  Cross. 
Proc.  Col.  Scl.  Soc.  1882. 
Dublin.    Eoyal  Dublin  Soc.  Scl.  Proc.  vi,  6-10;  vii,  1-2;  Sci.  Trans.  It,  fr-8. 
Royal  Dublin  Scl.  Soc.  Proc.,  vol.  vii,  pt.  4.     , 
Sci.  Trans.  Roy.  Dub.  Soc,  Vol.  iv.  Art.  ix,  xiii.    July-Dec.,  1891. 
Sci.  Proc.  Boy.  Dub.  Soc,  Vol.  vii,  Pt.  lil.    March,  1692. 
B 
EAmhurgh.    Trans.  'Edinburgh  Qeol.  Soc.,  Vol.  vl,  Pt.  111.    1692. 
Proc.  Boy.  Soc.  of  Edinburgh,  Vol.  xviil.    Session  1890-91. 
Erlangin.    Sitzungsb.  Physlk-medlcin  Socletat  xxiv.    Heft,  1892. 

F. 
Franl^ort.    Qeol.  Sur.  of  Ey.    Bep.  on  Geol.  of  parts  of  Jackson  and  Bock- 
castte  Co'8.    Bep.  on  Petroleum  and  Natural  Gas  in  Western  Ky. 
G 
Qmi.   Jabresb.  Gesell.  Freunden  Naturw.,  24th  and  25th.  1689-1692. 
Qieaaat.    Berlcht  Oberbess  Gesell.  fur  Natur-und.    Heilkunde  xxxlil  1892. 
OUuglme.    Pbllos.  Soc.    Proc,  xxlf,  1890-91. 
(Jraimne.    ScLLab.  of  Senison  Univ.,  Bui.  vl,  2. 

DenlsoD  Sclen.  Assoc,  Bui,  Tii,  1892. 
Qrtta.    Library  at  Athens.    Catalogue.    Archeology,  1891.     Report  of 
Trustees  for  1890-91. 

H. 
Halifax.    Nova  Scotlan  Institute  ot  Nat.  Sci.    Fro.  and. Trans.  Ser.  2, 1, 1. 
Banover.    NaturhlBtoriachen.  Gesell.  Jahresbericbt,  xl,  xll. 
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1 
IgU>.    Austria- Hungary.    Uagarlschen  Karpatheu-VereiDS,  Jabrbucli,  vi. 
zvHt. 
Uogarischen  Earpath-Tereiues,  Jarbuch  xlz,  1882. 
Indianopoli*.    Stoae,  Vol.  5,  No.  1,  June.  1892. 
Iowa  OOy.    Lab.  of  Nab'  HUl.  Slate  Uaiv.    Bulletin  II,  2, 

K 
Kiel.    UolTerBiby.    114  Pamphlets,  mostly  inaugural  diasertations. 

NalurwiaseotwhaftllcbeQ  Vereins  furSchleswlgHoIstelUtSchriften, 

Ix,  1691. 
University.  87  Inaugural  Dissertations;  Die  Entdeckungen  auf  dem 
Qeblete  du  Klasslscheu  Phltologle,  1891;  Das  Ealserthune;  Yerzei- 
cbulss  der  Varlesungen  von  Oct.,  1891,  zu  March,  1892;  und  von 
April,  1892,  zu  August,  1892;  ChroDlk  for  1890-91;  und  fur  1891-92: 
"auileml  11,"  2Tth  Jan.,  1892;  Portraits  von  23  Professoren. 
Schrtften  Naturw.  Verelns  fur  SchleNWig-Holsteln.    Band  ix,  Heft 
2,1892. 
Eonigsherg.    Scbrirten  der  Phydlk-Okononi  Gesell.    32nd_rear,  I8BI. 

Pbyslkaiisch-OkoDomlschen  Gesell,    Hohenschicliten  Karte,   Sen. 
Kronigsberff;  Sec.  Danzig;  Sec.  Bromtierg-Marienwender. 
L 
LKda.    Geol.  Assn.  Transactions,  vi.  1891. 

Leipzig.    Verelns  fur  MltlheUungen,  1886;  Beitrage  zur  Geographic  des 
Festen  Wassen,  1891. 
HItt.  Verelns  for  Erdkunde.  1891. 
XtUe.    Soc.  Geol.  du  Nord.  Annal^a  xis,  1891. 
iund.    Unlveraity  Ars-skrift  xxvll,  1890-91. 
Lfletembwg.    Yerein  Luxemberger.  Saturfreunde.  "Fauna"  No.  1:  1892. 

M 
Jfoduon.    State  Hist.  Soc.  proc.  xxxlx.     1691. 

Marburg.    Gesell. zur  Befordening  der  geaamten  NaCUrw.  Jabmans  1891. 
Meddenbwrg.    Archlv  Verelns  Freunde  Naturgesch  46th  year,  1891. 
Mendan.    American  Antiquarian  xll  (2-6),  xlv  (1,  3,  4). 
Mesdoo.    Memoires  y  Bevlsta  della  Socledad  Clentlflca  "Antonio  Alzate" 
Tomo  vi.  Nos.  1  and  2. 
Sociedad  Cientlflca  "Antonio  Alzate"  Memoires  yBevisls  iv;  11. 

12;  V.  ],  2,  5,  6,  9,  10. 
Boletln  Me  usual -Observatories  Meteorologico.    Tomo  iii.  H"o.  4,  for 

April  1890.    Printed  1893. 
Memoires  y  Bevlsta  Sociedad  Cientiflca  "Antonio  Alzate"  Tomo  v. 
(1891-1892)  Nos.  7,  8,  11,  12.    1892. 
IRnrwapolU.    American  Geologist,  viii.  4-6;  ix.  1-2,  4-4;  x.  1-2. 
Meiaco.    Mlnisteriode  Fomento,  Analei>  Ix.   1891;  Observatories  Hetenro- 

logico  Magnetico  fioletin  Mensital  Iii,  2, 3. 
Meli.    Yerelna  fur  Jahreabericht  xill- 

Jifilviaukee.    Wisconsin  Academy  of  Science.  Transactions  i-vi,  viii. 
JfinneapoZis.    Acad.  Nat.  Scl.  Builelln  ill,  2.  1887-89. 
American  Geoliglat,  Vol.  s.  Nos.  3,  4.  1892. 
American  Geologist.  Vol.  x.  No.  6.  Dec.  1893. 
Geol.  and  Nat.  Hist.  Survey  of  Minn.  Bulletin  7, 1893. 
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MinoeaoUHist.  Soc.  Collection  vl.  2.  1891;   1.  185(W8;   tl.  lS60-ffJ;, 
111.1870-80;  T.  1S85;  tII.  1893;  and  Seveolta  BleDolal  Keport  1693. 
Jfonfreol.    OaoadiaD  Record  or  Scleace  Iv.  7,  8;  v.  1,  2. 
Jftwcoui.    Sac.  Imp.  Naturallsta.  Bula.  1,  2,  3;  1891,  Iv;  1892,  i. 

N 
Nw  Hampskin.    Geol.  and  Mlnerolog.  Sur.  Ad.  Bep.  I,  II.    1868-70. 
JVno  Hawn.    New  Order  of  Extinct  Eocene  Mammals  (Uesodoctyla). 
New  York.    Am.  Geog.  Soc.  Bal.  xxil  witb  Supplement  Xllil,  3,  4,  Part  1; 
Part  2;  xsiv,  1. 
Notice  Qt  New  Reptiles  from  the  Laramie  Formation. 
Academy  of  Science,  TransactlonB,  x,  2-6;  Annates  tI,  1-4. 
Minerals  i.  1,  Jan.    1892. 

Bulletin  Amer.  Qeog.  Soc.  xxiv.  2,  June  1892,  Trans.  Academy  of 
Sciences  xi,  3,  4, 6, 1891-92;  Oatalogae  of  Microscopes,  Bausch  & 
Lomb  Optical  Co.;  Catalogue  No.  8,  the  Ingersotl-Sergeant  Drill 
Company. 
Bulletin  Amer.  Geog.  Soc.  vol.  xxlv.  No.  3.    Sept.  1892. 
Nwmberg.    NaturbtstoiischenGesell.  Jahresbericht  vill,  8-13. 
Abh.  u  Jabreab.    Naturh.    Qesell.    Band  iz.    18S1. 


Ottotea.    Contributions  to  Can.  Hlcro-paleontology  iii.    1891. 
Cambro-Sllurlan  Rocks.     1883. 
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ADDRESS. 


Minneapolis,  Minn.,  Oct.  20,  1893. 
To  the  President  oftAe  Board  of  Regents: 

Dear  Sib. — The  twenty-first  annual  report  of  the  Geological 
and  Natural  History  Survey  of  the  state  is  herewith  submitted. 
It  embraces  statements  relating  to  progress  in  the  strictly 
geological  portion  of  this  enterprise,  and  to  the  General  Mu- 
seum and  the  library  accessions.  The  botanical  and  zoological 
departments  of  this  work  have  been  placed,  by  the  Board  of 
Segents,  nnder  the  personal  direction  respectively  of  Prof. 
Conway  MacMiUan  and  Prof.  Henry  F.  Nachtrieb,  and  they 
will  maice  independent  reports  directly  to  the  regents. 
Respectfully  submitted, 

N.  H.  WINCHELL, 
State  Geologist  and  Curator  of  the  General  Musenm. 
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SUMMARY     STATEMENT     AND     COMPAEATIVE 
NOMBNCLATUEE. 

In  the  season  of  1892  the  field  work  of  the  survey  was  contin- 
ued in  the  northeastern  part  of  the  state,  where  the  economic 
development  of  the  new  iron  range  (the  Mesabi)  continued 
nnabated.  Considerable  time  was  spent  on  the  central  and 
western  portions  of  the  Mesabi  range,  with  a  view  to  learn  the 
geological  relations  of  the  ore  bodies.  By  this  time,  as  shown 
in  the  report  of  H.  V.  Wiachell  published  in  the  last  annual 
report,  some  general  idea  had  been  gained  of  the  position  and 
forms  of  these  ore  deposits,  warranting  an  attempt  at  a  more 
systematic  description,  which  should  serve  at  least  for  many 
practical  purposes  and  as  a  preliminary  statement  of  many  of 
the  geological  environments.  At  the  same  time  this  early  re- 
connoissance  brought  to  light  many  new  facts  and  features,  the 
fall  elucidation  and  publication  of  which  will  require  careful 
chemical  and  petrographical  research,  and  a  comparison  with 
the  similar  features  of  the  iron  ranges  of  adjoining  states. 

Df.  U.  S.  Grant  contiDued*an  examination,  which  he  had 
begun,  of  a  granitic  area  near  the  eastern  extension  of  the 
Mesabi  range,  viz:  that  about  Kekequabic  lake,  and  extended 
his  field  studies,  with  careful  detail,  to  the  eastern  end  of  Otter 
Track  lake,  and  southward  to  and  beyond  Little  Saganaga  lake. 
Later  he  spent  much  time  on  the  eastern  end  of  the  Mesabi 
range  proper,  westward  from  Gunflint  lake,  examining  the 
relations  of  the  gabbro  and  the  magnetites  to  the  Pewabic 
quartzyte- 

Simultaneously  with  this  the  writer  extended  his  field  work 
over  a  region  not  before  visited  by  him,  including  Snowbank 
■  lake  and  the  region  between  it  and  the  Kawishiwi  river,  and  ' 
subsequently  with  Dr.  Grant  reviewed  some  of  the  important 
portions  of  the  region  of  Kekequabic  and  Ogishke  Muncie  lakes. 

In  May  a  reconnoissance  was  made  by  the  writer,  accompa- 
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Died  by  Messrs.  Graut  and  Bchuchert,  of  the  region  about  Pots- 
dam, N.  Y.,  with  the  view  to  obtaining,  ifpossibl,e,  some  data 
for  the  settlement  of  some  of  the  pending  questions  respectang 
the  stratigrapbic  position  of  the  true  Potedam  sandstone.  This 
trip  was  continued  to  Keeseville,  N.  Y.,  on  the  east,  and  to 
Gouvemeur,  N.  Y.,  on  the  west. 

Mr.  E.  O.  Ulrich  spent  a  year  at  Minneapolis,  and  much  pro- 
gress was  made  on  the  paleontology  of  the  Trenton  and  Hudson 
River  formations,  the  results  being  incorporated  in  volume  111 
of  the  final  report,  still  in  press.  Of  this  volume  several  chap- 
ters have  already  been  issued  separately,  viz: 
Cbapter  I.    Cretaceous  fossil  plants  from  UlDDesota.    Bj  Leo  Leaqueratz, 

pp.  1-22,  2  plates.  Published  Feb.  15, 1893. 

Chapter  II.    Microscopical  fauaaof  the  Cretaceous  In  Ulnnesota,  vitta 

additions  from  Nebraska  and  UIIdoIs.    By  Anihonj/  tCofxIuxird  and 

BenJarrUn  W.  Thomag,  pp.  23-54, 3  plates.    FabllahMl  Feb.  15, 1B93. 

Chapter  III.    Sponges,  QraptoUtes  and  Gnrals,  from  the  Lower  Silurian 

of  Minnesota.    B7  N.  H.  Wmdtell  and  Charlu  SckwAxrt,  pp.  55-95, 

2  plates.    Published  Juae  6, 1893. 

Cbapter  lY.    Oa  Lower  Stlurlau  Bryozoa  of  Minnesota.    B7.  E.  O.  XJMdi, 

pp.  90-332,  26  plates.    Publtahed  Jan.  15, 1893. 
Cbapter  V.    The  Lower  Silurian  Bracbiopoda  of  Minneaota.    By  S.  H. 
tTfncheU  and  Charles  Sekuchert,  pp.  333^74,  6  plates.    Published 
Juoee,  1693. 
During  the  year  also  the  twentieth  annual  report  has  been 
published,   and  Bulletin,  VII,  devoted  to  the  mammals  of  the 
state,  by  Prof.  C  Ij.  Herrick,  has  been  issued  from   the  press 
and  distributed.     The  work  of  Dr.  P.  L.  Hatch,  on  the  Birds  of 
Minnesota,  has  been  published  through  the  zoological  depart- 
ment of  the  survey,  under  the  supervision  of  Prof.  H.  P.  Nach- 
trieb. 

The  following  papers  relating  to  the  geology  of  the  state 
have  also  been  published  elsewhere  by  members  of  the  Geolog- 
ical Survey  corps,  viz: 
The  geology  of  Hennepin  county.    N.  H.  WineheU.  (In  the  "History  of 

Minneapolis",  by  I.  Atioater.) 
An  approximate  interglaclal  chronometer.     N.  M.    WinthjsU.    American 

Geologist,  vol.  X,  p.  Q9,  August,  1892. 
Preliminary  descriptions  of  new  Bracblopoda  from  the  Trenton  and  Hud- 
son River  groups  ofMlnnesota.  N.  B.  WincheU,  vaA  CharlaSAvr 
chert.  American  Geologist,  vol.  Ix,  p.  284,  May,  1892.  (Advance 
copies  were  distributed  to  American  paleontolt^l ate, April  1, 1892) 
The  Eawlshlwin  agglomerate  at  Ely,  Minn.    N.  H.  TFincheU.     Americas  • 

Geologist,  vol.  ix.  p.  359,  June,  1892. 
Some  problems  of  the  Meaabi  Iron  ore.    N.  E.  WindieU.    American  Geol- 
ogist, ToLz,  p.  169,  September,  1892. 
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FroDdeficeDt  bematdte.    N.  H.  WinehiM,  Americao  (Geologist,  vol.  zl,  p. 

20,  Jaouarj,  1S93. 
The  geologf  of  the  Iron  ores  of  Minnesota.    N.  H.  WiwiieU,  Trans.  Geol. 

Soc.  Australasia,  Helboarne.  vol.  l,  pp.  171-164, 1892. 
The  stratlgraphlc  position  of  the  C^lsbke  conglomerate  of  northeastern 

HlDDesota.    V.S.  Grant.    American  Geologist,  ^ol.  x,  p.  6,  July, 

1692. 
Note  on  an  augtte  sod e-granite  from  Minnesota.     U.  S.  Grant    Ameri- 
can (Jeologist,  vol  xl,  p.  383,  June.  1893. 
New  Lower  Silurian  Ostracoda.    E.  0.  Vlrich.    American  QeologiBt,Tol.  x, 

p.  263,  Nov.,  1892. 
Two  new  Lgwer  Silurian  species  of  Llfchaa  (subgenus  Hoplollchas).   E.  O. 

Ulrieh.  American  Geologist,  toI.  x,  p.  271,  Nov.,  1892. 
GlasalBcatlon  of  theories  of  the  origin  of  Iron  orea.    B.  V.   Wiwiiell. 

American  Geologist,  vol.  x,  p.  277,  Nov.,  1892. 
A  classification  of  the  Brachlopoda.    Charla  Schuchert.  Am.  Geol.,  vol.  xl 

p.  141,  March,1893, 
New  Lamellibranclliata.    S.O,XHrich.    Am.  Qeol-,  vol.  x,  p.  96,   August, 

1892. 
Hesabi  developments.    B.   V.  Winehell,    Iron  Trade  Review,  Cleveland, 

April  19, 1892. 
Cost  of  mining  on  the  Mesabl.  B.  V.  WintheU.  Iron  Trade  Review,  Cleve- 
land, Jul;  21,  1892. 
Is  there  a  shortage  of  bessemer  ore r    Anon,  (if .  V.  Windiell).   Iron  Trade 

Review,  Cleveland,  Feb.  16,  1893. 
The  Mesabl  iron  lange.    R.  V.  Wmdiell.  American  Institute  of  Mining 

Engineers,  Schuylkill  Ueeting,  vol.  xxl,  pp.  614-686,  Oct.,  1S92. 
The  Biwabik  mine.    H.  Y.  Wind^U  (with  John  T.  Jwks).     Am.  Inst.  Min 

Engineers,  Montreal  Meeting,  vol.  xxl,  pp.  951-961,  Feb.,  1893. 
Minnesota  iron  mines.    Anon.  (B,  V.  Wini^ll).    Published  In  "Miane 

<Kita,  a  brief  sketch  of  its  History,  Resources  and  Advantages,"  by 

authority  of  the  State  Board  of  World's  Fair  Managers,  pp.  119- 

123,  Pioneer  Press,  St.  Paul,  1893. 
Prof.  J.  E.  Todd,  of  Vermillion,  S.  Dak.,  waa  engaged  to 
complete  th^  survey  in  the  northwestern  portion  of  the  state, 
extending  from  the  Red  river  valley  eastward  to  the  east  side 
of  Beltrami  county,  and  he  has  spent  the  months  of  July  and 
August  in  that  region.  _  His  accompanying  preliminary  report 
shows  in  outline  the  progress  he  has  made.  It  will  require 
another  similar  season's  campaign  to  clear  up  suf^ciently  for 
report  the  geological  features  presented  in  that  area. 

The  work  of  the  year  has  been  very  largely  paleontological. 
Some  re-ezaminatioQS  were  made  by  Messrs.  Schuchert  and 
niricb,  under  the  guidance  of  Mr.  Scofield,  of  the  fosdiliferons 
Lower  SUnrian  outcrops  in  the  southeastern  part  of  the  state, 
with  the  view  to  determine  more  exactly  the  stratigraphic 
range  of  the  .'fossils  belonging  to  the  survey  collection,  and 
for  the  purpose  of  further  collection  at  the  same  points. 
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COMPARATIVE  NOMENCLJV.TUBE. 
The  former  annual  reports  of  the  Minnesota  survey  have 
presented,  occasionally,  short  discnssions  and  tabulations  of 
the  Pre-Silurian  rocks  of  Minnesota,  embracing  different  por- 
tions of  the  series.  These  have  also  sometimes  contained  refer- 
ences to  their  supposed  parallels  in  other  parts  of  the  North- 
west. Owing  to  occasional  misapprehensions  by  other  geolo- 
gists of  the  stratigraphy  of  these  rocks,  as  we  have  made  il 
out,  and  the  misuse  of  some  of  onr  terms,  an  attempt  has  bei;D 
made  to  place  the  Minnesota  strata  in  proper  order  in  the 
adjoined  table.  This  table  also  expresses  the  stratigraphy  of 
the  Wisconsin  reports,  issued  under  the  direction  of  Prof. 
Chamberlin,  the  terms  used  by  the  present  Michigan  survey 
and  the  general  terms  used  by  the  United  States  and  Canadian 
geological  surveys.  The  table  has  had  the  approval  of  Messrs. 
Wadsworth,  Van  Hise  and  Selwyn,  for  their  respective  portions. 
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PREFACE. 

Id  this  paper  an  attempt  is  made  to  present  a  description  of 
tbe  geology  of  a  small  part  of  the  complex  area  of  oortheastern 
Minnesota  in  more  detail  than  has  been  done  hitherto.  In  order 
to  give  a  connected  aceount  of  the  geology  of  this  area  it  has 
been  necessary  to  duplicate  in  small  measure  some  of  the  for- 
mer descriptions;  this  is  true  of  part  of  the  descriptions  of  some 
of  the  clastic  rocks,  the  {urgillytes,  graywackes  and  conglomer- 
ate. Bat  some  of  the  earlier  accounts  have  been  enlarged 
somewhat,  and  to  the  whole  has  been  added  a  number  of  petro- 
graphical  descriptions.  The  points  of  special  interest  in  this 
paper,  which  have  not  been  presented  previously,  are:  (1) 
PetrograpMcal  description  of  the  anomalous  green  schists. 
(2)  Noticeof  a  small  area  of  hornblende  porphyrite.  (3)  Inves- 
tigation of  the  petrography  of  the  granite,  which  is  shown  to  be 
of  a  rather  uncommon  and  interesting  type — an  augite  soda 
granite.  (4)  Evidence  is  brought  forward  to  show  that  the 
granite  is  of  truly  eruptive  origin  and  that  it  is  not  a  reciystal- 
lized  condition  of  the  sediments  of  the  region  in  situ,  aa  it  has 
been  considered  in  most  of  the  previous  papers  on  this  region. 

All  of  the  field  work  and  part  of  the  laboratory  work  for  the 
preparation  of  this  article  was  done  while  the  writer  was  in  the 
employ  of  the  Geological  and  Natural  History  Survey  of  Mia- 
sesot&  During  the  summer  of  1891,  while  studying  several 
granite  areas  in  northeastern  Minnesota,  several  days  were  de- 
voted to  the  granite  of  Kekequabic  lake,  and  again,  in  the  sum- 
mer of  1892,  more  time  was  employed  in  studying  the  rocks 
around  this  lake.  Thanl^  are  due  to  Prof.  N.  H.  Winchell, 
State  Geologist  of  Minnesota,  for  assistance  and  advice  during 
the  prosecution  of  this  work,  and  for  his  kindness  in  allowing 
part  of  the  investigation  to  be  carried  on  outside  of  laborato- 
ries of  the  Survey. 

The  writer  also  desires  to  express  his  sincere  thanks  to  Prof. 
George  H.  Williams  of  the  Johns  Hopkins  University  for  kindly 
aid  and  numerous  suggestions  from  the  beginning  to  the  end 
of  this  investigation.  To  him  is  duein  large  measure  whatever 
of  merit  this  paper  may  possess. 

The  analyses  were  miide  by  Profs.  J.  A.  Dodge  and  C.  F. 
Sidener  of  the  University  of  Minnesota. 
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CHAPTER  I. 

GENERAL  DESCRIPTION  OF  THE  AREA  STUDIED. 


LOCATION. 

The  area  described  in  this  paper  is  a  small  portion  of  the 
triangle  in  Minnesota  which  lies  between  lake  Superior  and 
the  Canadian  boundary.  This  part  of  the  state  is  made  up  of 
more  or  less  highly  crystalline  rocks  of  pre-Cambrian  age. 
The  region  described  is  about  the  centre  of  the  nbrthem  side 
of  this  triangle.  Kekequablc  lake,  the  geology  of  whoseshores 
is  here  presented,  lies  in  the  northeastern  part  of  Lake  county, 
in  latitude  48*  2'  north  and  longitude  91°  6'  west  of  Creenwich. 
It  is  less  til  an  two  miles  south  of  Knife  lake,  which  is  one  of 
the  narrow  bodies  of  water  forming  the  boundary  between  Mia  - . 
nesota  and  Ontario. 

The  exact  position  of  Kekeguabic  lake  can  be  seen  on  Plate 
XLit,  '.'GeologicEil  map  of  northeastern  Minnesota,"  of  Irving's 
paper  "On  the  classification  of  the  early  Cambrian  and  pre-Oam- 
brian  formations."*  A  larger  and  more  accurate  map  of  the 
region  is  that  included  in  the  "Fifteenth  (1686)  Annual  Report 
of  the  Geological  and  Natural  History  Survey  of  Minnesota"; 
and  a  still  better  one  is  that  found  in  '  'The  iron  ores  of  Minne- 
sota, "t 

The  accomp^iying  sketoh  map  (Fig.  1)  shows  the  western 
part  of  the  lake  Superior  basin  and  the  adjacent  territory.  A 
glance  at  this  map  will  give  a  general  idea  as  to  the  location  of 
the  region  to  be  described  in  this  paper.  The  star  shows  the 
approximate  position  of  Kekequabic  lake. 

An  area  extending  five  miles  in  an  east  and  west  direction  and 
about  the  same  distance  north  and  south  is  represented  in  the 
geological  map  (Plate  II)  and  is  the  area  described.     It  con- 
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tains  sectioDB  29,  30.  31  and  32  of  township  65  N.,  range  6  W.  of 
the  4th  Principal  meridian;  sections  25,  26,  27,  34,  35  and  36  of 
T.65  N.,  E.  7  W.;  sections  5,  6,  7  and  8  of  T.  64  N.,  R.  6  W.;  wid 
sections  1,  2,  8,  10,  11, 12  and  the  east  half  of  section  4  of  T.  64 
N.,  R.  7W.  ' 


r  lake  Superloc  nai  sdjnoeat  terrllorr 


TOPOGRAPHY. 

The  surface  is  rough  and  hilly,  though  not  strictly  mountain- 
ous. The  elevations  consist  of  more  or  less  broken  parallel 
hill  ranges,  which  trend  a  little  north  of  east  The  most  im- 
portaot  of  these  ridges  lies  along  the  south  side  of  Kekequabic 
lake.  In  the  southwest  quarter  of  section  36,  T.  65  N.,  R.  7  W., 
this  range  attains  a  hight  of  240  feet  above  the  lake  level; 
farther  east.— in  the  S.  E.  i  section  31,  T.  65  N.,  R.  6  W., 
— it  rises  over  a  hundred  feet  higher,  and  two  miles  farther 
east,  just  outside  the  area  of  the  map,  are  the  twin  peaks 
which  are  more  than  500  feet  above  the  lake  or  2,000  feet  above 
sea  level.  These  peaks  are  visible  for  many  miles  in  any  direc- 
Dgiize..;,  Google 
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tion  and  form  the  highest  land  in  the  northern  |)art  of  Lake 
county.  Kekequabic  lake,  as  ascertained  l^  level.  Is  1,498  feet 
"  above  the  sea.  On  the  north  shore  of  the  lake  is  another  no- 
ticeable ridge  attaining  an  elevation  of  260  feet  in  the  N.  E.  i 
section  35,  T.  65  N.,  B.  7  W.  '  Mallmann's  peak  is  a  continuation 
of  the  same  ridge  in  the  S.  E.  i  section  30,  T.  65  N. ,  R.  7  W. ; 
its  summit  is  some  256  feet  above  the  lake,  its  southeastern 
front  rising  in  an  almost  vertical  precipice  for  200  feet.  The 
two  hill  ranges  above  mentioned  are  by  far  the  most  conspic- 
uous in  the  area  under  consideration,  but  lower  elevations  of 
g^entler  slope  are  common.  The  western  shores  of  the  lake, 
are  comparatively  low,  and  oftentimes  the  laud  is  swampy  for  a 
considerable  distance  from  the  water's  edge. 

By  far  the  larger  part  of  the  land  surface  is  rough  and  hilly. 
The  hills  are  almost  entirely  of  rock,  there  being  no  driJft 
ridges,  but  some  of  the  elevations  have  parts  of  their  surfaces 
covered  by  a  thin  mantle  of  glacial  material.'  Between  the  hills 
lie  lakes,  which  constitute  about  a  third  of  the  surface.  There 
are  also  some  low  areas,  which  are  swampy,  but  these  are  of 
considerably  less  extent  than  the  lakes.  The  surface  may  be 
roughly  divided  into  three  part8,^hills,  lakes  and  swamps, — 
in  the  relative  proportions  of  3,  2  and  1. 

Very  noticeable  features  of  the  topography  are  the  precipi- 
tous clifts,  which  rise  vertically  from  the  water's  edge  to  the 
higbt  of  from  10  to  200  feet.  The  highest  of  these,  Mallmann's 
peak,  has  already  been  mentioned.  Others  occur  on  the  north 
and  south  sides  of  Stacy  island  and  along  the  south  shore  of  the  ■ 
lake  a  short  distance  east  of  this  island.  These  clifts,  as  a  rale, 
face  toward  the  north  or  the  south  and  they  lie  parallel  with 
the  hill  ranges  and  the  long  axes  of  the  lakes.  It  is  quite  prob- 
able tjiat  the  cliffs  occur  along  lines  of  faulting. 

LAKES  AND   DRAINAGE. 

The  lakes  of  this  region  lie  In  rock  bound  basins,  and  a  large 
number  of  them  are  elongated  in  a  direction  parallel  with  the 
hill  ranges.  From  one  rocky  basin  a  short,  rapid  stream  car- 
ries the  water  down  to  the  next  lower  basin;  in  this  way  the 
greater  part  of  the  drainage  is  accomplished.  These  streams, 
connecting  one  lake  basin  with  another,  often  have  a  considera- 
ble fall  in  a  short  distance;  .for  instance  the  outlet  of  Epsilon 
lake,  through  which  the  waters  from  Kekequabic  lake  flow, 
descends  80  feet  in  a  distance  of  about  100  yards.  One  of  the 
cascades  of  this  stream  is  shown  in  Plate  I,  Fig.  1.  ^  , 
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Kekequabic  lake,  the  largest  in  the  area  studied,  is  clear  and 
deep.  It  is  a  narrow  body  of  water,  some  five  miles  in  len^; 
its  eastern  half  never  reaches  a  width  of  more  than  half  a  mile,  - 
while  its  western  part  is  broeider,  being  nearly  a  mile  and  a 
half  wide.  To  the  north  of  Kekeqnabic  lake  lie  several  smaller 
lakes,  more  shallow  and  not  snrronnded  by  as  noticeable  hills. 

The  ftreams  of  the  region,  excepting  those  connecting  one 
lake  with  another,  are  small  and  insignificant.  They  have  cut 
no  appreciable  channels  of  their  own  and  have  carried  very 
little  sediment  into  the  lakes.  In  no  place  has  a  stream  begun 
to  build  a  delta  at  its  mouth.  Since  the  lakes  serve  as  resting 
places  for  what  little  sediment  is  brought  down  by  these 
streams,  the  larger  streams  flowing  from  one  lake  to  another 
are  practically  free  from  suspended  material  and  so  have  little 
eroding  power,  even  though  they  are  often  very  rapid.  Thus 
the  surface  is  suffering  comparatively  little  denudation  and 
presents  now  almost  the  same  contours  and  depressions  which 
existed  when  the  ice  sheet  departed.  Then,  as  now,  there  were 
hills'-and  deep  valleys  filled  to  their  edges  with  water,  and  since 
then  these  lakes  have  been  lowered  very  little  by  the  wearing 
down  of  their  outlets.  The  whole  drainage  follows  the  depres- 
sions left  by  the  ice  sheet  and  is  not  dependent  on  the  charac- 
ter of  the  underlying  material,  be  it  drift  or  crystalline  rock. 
The  drainage  of  the  Kekequabic  basin  is  toward  the  north, 
through  several  small  lakes  lying  north  of  the  east  end  of  this 
lake,  to  Knife  lake, — one  of  the  series  of  International  Boun- 
dary lakes  belonging  to  the  Kainy  Lake  system. 

SOIL  AND  FOREST. 

The  land  surface  is  covered  by  but  a  thin  layer  of  soil. 
This  consists  in  places  of  glacial  material,  but  where  drift  de- 
posits are  lacking  a  layer  of  soil  of  only  a  few  inches  thick- 
ness has  accumulated.  This  scanty  soil  is  entirely  sufBcient, 
even  when  but  three  inches  deep,  to  support  a  luxuriant  forest 
of  conifers;— in  fact  the  surface  is  usually  covered  by  a  thick 
growth  of  black  pine  (Pinug  bankaiana  Lambert),  red  pine  {P. 
resiTiOBa  Ait.)  white  pine  (P.  strobua  L.),  balsam  fir  {Abies  bal- 
somea  Marshall),  black  spruce  {Picea  nigra  Link.)  and  arbor 
vitea  (Thuya  occidentalU  L.);  the  last  two  are  confined  mostly  to 
the  lower  ground.  Considerable  areas  of  the  forest  were  burnt 
some  years  ago  and  these  areas  are  now  covered  with  a  thick 
and  tangled  second  growth,   in  which  the  white  birch  {Betula 
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papyrifera  Marsh)  and  aspen  {Populua  tremuloidea  Michx. )  play 
an  important  part.  This  dense  growth,  coupled  with  thickly 
Btrewn  fallen  logs,  renders,  exploration  of  such  areas  unusually 
difficult. 

ROCK  EXPOSURES. 

Around  the  lake  shores  there  are  rather  frequent  exposures. 
The  outcrops  vary  greatly  in  size,  and  their  frequency  and  ex-  ■ 
tent  do  not  seem  to  be  conditioned  by  the  character  of  the  rock, 
the  softest  and  most  easily  eroded  often  extending  for  consid- 
erable distances  along  the  lane  shore;  this  is  especially  notice- 
able In  the  case  of  the  soft,  fissile,  green  schist,  which  is  seen 
in  such  large  development  along  the  north  side  of  the  central 
part  of  the  lake.  However,  there  are  stretches  of  shore  a 
quarter  of  a  mile  or  more  in  length  where  no  rock  is  to  be  seen 
in  situ;  this  is  generally  true  along  the  low  and  swampy  shores 
and  in  a  few  other  places  where  there  are  larger  accumulations 
of  drift  than  is  usual.  In  some  cases,  as  before  mentioned,  al- 
most vertical  cliffs  rise  directly  from  the  water's  edge  from  10 
to  200  feet  above  the  lake  surface.  Along  these  cliffs  and  else- 
where on  the  steeper  hillsides  numerous  and  extensive  expos- 
ures are  accessible.  Along  the  streams  there  are  fewer  out- 
craps  than  would  be  expected,  for  the  streams  usually  flow  in 
depressions  more  or  less  fllled  with  glacial  material  and  they 
have  as  yet  but  infrequently  cut  down  to  the  underlying  rock; 
in  fact  their  channels  are  generally  boulder  filled,  and,  contrary 
to  a  geologist's  expectation,  he  can  find  little  clue  to  the  under- 
lying rocks  by  following  up  these  stream  beds.  Many  of  the 
hills,  especially  those  of  gentle  slope,  show  no  outcrops,  and  it 
is  only  on  their  summits  and  steep  sides  that  one  finds  many 
large  exposures  away  from  the  actual  lake  shore.  The  com- 
parative thinness  of  the  drift  and  its  almost  total  absence  over 
areas  of  some  extent  would  seem  favorable  to  the  existence  of 
more  extensive  exposures  than  are  to  be  fonnd.  Bat  in  many 
cases  where  the  driH  is  almost  absent  vegetation  has  gained  a 
foothold,  and  at  present  the  rock  is  covered  with  soil,  moss, 
rock-fragments  and  decaying  sticks  and  logs,  tiie  whole  form- 
ing a  layer  two  inches  to  two  feet  in  thickness,  firmly  bound 
together  by  numerous  roots,  so  that  with  the  aid  of  merely  a 
hammer  the  subjacent  rock  is  as  inaccessible  as  when  buried 
under  several  feet  of  drift. 

The  weathered  and  decayed  rock  of  the  whole  region  has 
been  almost  completdy  carried  away  by  glacial  action;  and 
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since  the  departure  of  the  ice  there  has  been  but  Uttle  surface 
decay,  such  as  there  is  extending  but  a  fraction  of  an  inch  be- 
low the  surface.  Thus  the  exposures,  with  few  exceptions, 
furnish  clean  and  unweathered  specimens.  The  only  rock 
which  shows  evidence  of  post-glacial  decay  and  alteration  is 
the  green  schist,  and  this  is  decaying  in  but  a  few  places,  the 
most  noteworthy  being  on  the  extreme  western  side  of  the 
promontory  from  the  north  side  of  the  lake,  at  the  northeast 
comer  of  section  31,  T.  65  N.,  R.  6  W.  From  this  it  is  not  to 
be  supposed  that  the  rocks  are  in  a  perfectly  unaltered  state, 
for  their  minerals  have  been  more  or  less  affected  by  destmc- 
tjve  processes,  other  than  mere  surfiice  weathering,  acting 
through  long  geological  ages,  hut  the  rocks  are  now  in  prac- 
tically the  same  condition  as  at  the  end  of  the  Glacial  period. 

OUTLINE  OF  GEOLOGICAL   FEATURES. 

The  northern  edge  of  Lake  county,  where  Kekequabic  lake 
is  situated,  is  composed  entirely  of  pre-Cambrian  rocks,  which 
have  Buffered  more  or  less  metamorphism.  Leaving  out  of 
consideration  their  exact  stratigraphical  positions  and  desig- 
nations, we  shall  proceed  to  a  very  brief  description  of  the 
various  rock  types.  The  discussion  as  to  the  nomenclature, 
precise  age  and  relationships  of  the  various  formations  is  re- 
served for  another  part  of  this  paper. 

By  far  the  larger  proportion  of  the  rock  masses  represented 
in  this  area  are  sedimentary  in  character,  but  some  of  the  ma- 
terial is  of  volcanic  origin  and  some  of  this  was  probably  de- 
posited in  water.  These  sediments  may  be  divided  for  conven- 
ience into  four  groups,  although  this  division  is  arbitrary  to 
some  extent,  as  the  different  groups  are  not  always  sharply 
separated  from  one  another.  The  first  and  by  far  the  most 
widely  developed  group  is  that  which  may  be  termed  the  slate 
formation.  This  consists  largely  of  argijlytes,  with  smaller 
amounts  of  fine  and  coarse  graywackes  and  grits.  The  argiU- 
ytes,  graywackes  and  grits  are  closely  associated  with  each 
other,  being  oftentimes  intimately  interbanded,  so  that  it  is 
impossible  to  map  them  separately.  The  coarser  facies  of  the 
rocks  just  mentioned  often  become  distinctly  conglomeratic  in 
small  areas,  and  in  other  places  there  are  conglomerates  which 
are  composed  of  very  coarse  boulders;— these  conglomeratic 
rocks  form  the  second  group.  The  third  group  is  made  up  of 
certain  peculiar,  fissile,  green  schists,  which  have  usually  been 
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called  chloritic  schists.  While  the  fourth  group  is  composed  of 
more  or  lees  marked  fragmental  volcanic  material,  which  in 
places  shows  a,  banding  apparently  due  to  deposition  in  water. 
These  clastic  rocks  have  been  greatly  disturbed  since  their  de- 
position, and  they  now  stand  in  nearly  vertical  positions  with  a 
strike  that  is.a  little  north  of  east. 

Sharply  marked  off  from  the  elastics  are  four  types  of  ig- 
neous rocks,  whose  age,  with  perhaps  the  exception  of  the  first, 
is  later  than  that  of  the  surrounding  elastics.  The  first  of  these 
igneous  rocks  is  a  peculiar,  purple,  hornblende  porphyry,  more 
precisely  a  hornblende  porphyryte.  The  other  rocks  of  igne- 
ous origin  are  granite,  diabase  and  gabbro.  The  first  is  divia- 
able  into  two  types, — the  ordinary  granite  and  a  granite  por- 
phyry, the  latter  of  which  is  seen  only  in  small  patches.  These 
two  types  of  granite  are  of  interest  from  the  fact  that  their  ' 
ferro-magnesian  constituent  is  almost  exclusively  pyroxene 
and  that  the  predominating  feldspar  is  anorthoclase.  The 
diabase  is  found  only  in  a  few  small  dykes  cutting  all  the 
other  rocks,  excepting  possibly  the  gabbro.  Unconformably 
above  all  the  other  rock  series  is  a  coarse  grained  gabbro. 
The  country  shows  no  remains  of  any  strata  younger  than  the 
gabbro,  which  is  of  Keweenawan  age,  and  older  than  the  drift. 

PBEVIOOS   LITKHATURB. 

The  descriptions  of  the  rocks  of  Kekequabic  lake  are  to  be 
foand  almost  wholly  in  the  reports  of  the  Geological  and  Nat- 
ural History  Survey  of  Minnesota,  and  a  list  of  references  to 
this  locality  is  here  appended  (I).  Under  each  reference  are  a 
few  words  briefly  explaining  the  character  of  the  descriptions; 
the  articles  are  given  in  order  of  date  of  publication.  Following 
this  list  is  another  (IE)  giving  the  titles  of  the  more  important 
papers  which  relate  to  the  rocks  of  northeastern  Minnesota 
that  occur  at  Kekequabic  lake;  this  second  list  makes  no  pre- 
tensions to  completeness. 

L    Articlee  relating  to  Keheguabic  Lake.'* 

1882.— N.  H.  WiDchell.    lOlb  (1881)  Add.  Bept.,  pp.  92-S3. 

A  sJDgle  Bpeclmen  (No.  T61)  of  peculiar  porphfi?  (borablende  por- 
phyryte) iB  reported  from  HallmaDo'e  peak. 
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1887.— M.  E.  Wadaworth.  Bull.  No.  2,  Preliminary  desoriptionof  the  peri- 
dotTteSigabbros,  diabases  and  aodesytesof  MiDoesota,  pp.  124-125. 
A  microscopical  deecriptloa  of  the  above  meDtloDed  specimen  of 
hornbleade  porphyryte  is  given  and  sections  of  it  are  figured  (H. 
X,  Figs.  1  and  2). 

1887.— A.  Wlnchell.    16th  (1886)  Ann.  Eept,  pp.  148-1E6. 

Detailed  field  descriptions  confined  mostly  to  the  south  shore  of 
the  lake. 

1887.— N.  H.  Winchell.    15th  (1886)  Ann.  Bept.,  pp.  361-369. 

Field  ooteB  on  the  rocks  ot  the  lake  shore.    Special  attention  is 
given  to  the  structure  and  origin  of  the  gneiss  (granite)  and  por- 
phyry {granite  porphyry). 
'    1888.— N.  H.  Wlnchell.    16th(l887|  Ann.  Sept.,  pp.  100-108. 

A  continuation  of  the  last  report  with  some  general  statements 
eoncernlng  the  genesis  and  relationships  of  the  various  rock -series. 

1888.- A.  Winchell.    16th  (1887i  Ann.  Rept.,  pp.  321-327. 

Field  notes  about  Epsilon  lake.  An  unconformity  Is  noticed  be- 
tween the  Anlmlkie  and  Keewatln  and  mention  is  made  of  several 
exposures  of  purple  porphyry  (hornblende  porphyryte). 

1893.— U.  S.  Grant.    20th  (1891)  Ann.  Kept.,  pp.  69-82. 

Field  notes  on  the  region  about  iKelcequablc  lake,  with  special 
reference  to  the  granite.  It  is  st.ated  that  the  gneiss  ot  the 
former  reports  is  a  fine  grained  pyroxene  granite  and  that  the 
porphyry  is  a  pyroxene  granite  porphyry. 

1893.— TT.  S.  Grrant.  Note  on  an  auglte  soda-granite  from  Minnesota; 
Amer.  Geol<«ist,  vol  xl,  No.  6,  pp.  383-388. 
A  preliminary  petrographical  description  of  the  granite  of  Keke- 
quahlc  lake  Is  given.  It  is  shown  that  the  Eock  Is  an  auglte  soda- 
granite  with  a  large  percentage  of  soda,  which  finds  expression  in 
the  composition  of  the  auglte  as  well  as  in  that  of  the  feldspar. 

n.    Articles  on  nortTteastem  Minnesota  and  adjacent  t&rttory. 

N.  H.  Wlnchell.— Geol.  and  Nat.  Hist.  Survey  of  Minn.,  7tb  (1878)  Ann. 

Bept.,  1879.— 9th  (1880)  Ann.  Bept.,  1881.— 10th  (1881)  Ann.  Bept., 
.   1882.— nth  (1882)  Ann.  Kept.,  1883.— 13th  (1884)  Ann.  Kept.,  1886. 

—15th  (1886)  Ann.  Kept-,  1887.— Iflth  (1887)  Ann.  Rept.,  1888,— nth 

(1888)  Ann.  Rept.,  1889.— 20th  (1891)  Ann.  Kept.,  1893. 

The  Norian  of  the  Northwest;  Geol.  and  Nat.  Hist.  Survey  ot 

Minn.,  Bull.  No.  2,  pp.  tli-xxxiv,  1893. 
B.  D.  Irving— The  copper-bearing  rocks  ot  Lake  Superior;  U.  S.  Geol. 

Survey,  Mon.  vol.  6,  1884. 

Preliminary  paper  on  the  inyestlgatlon  of  the  Archsaan  formations 

of  the  northwestern  states;  U.  S.  Oeol.  Survey,  5th  Ann.  Sept.,  pp. 

176-242.  1886. 

On  the  classification  of  the  early  Cambrian  'and  pre-Csmbrian 

formations;  U.  S.  Geol.  Survey,  7th  Ann.  Bept.,  pp.  368-454,  1888. 
A.  0.  Law  son. —Report  on  the  geology  of  the  Lake  of  the  Woods  region, 

with  special  reference  to  the  Keewatln  (Huronlan?)  belt  of  Arch- 

tean  rocks;  Geol.  and  Nat.  Hist.  Survey  of  Canada,  new  series,  vol. 
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1,  pt.  CO,  1886.     Report  on  tbe  geol<^^  of  the  Batny  Lake  legloo; 

QeoL  EDd  Nat.  Hist.  Survey  or  Canada,  Aon.  Kept.  1887,  vol.  ill, 

pt;  F,  1889. 
A.  Wlnehell.— Geo!,  and  Nat  Hist.  Survey  of  Minn.,  15th  (1886)  Ann. 

RcDt.,  pp.  7-207, 1887.— leih  (1887)  Ann.  Rept.,  pp.  181-391, 1888. 

ConjirlonierateB  enclosed  in  gnelssic  terranes;  Amer.  Geologist, 

vol.  3,  pp.  153-165,  256-262, 188B. 
H.  V.  Winchell.— Geol.  and  Nat.  Hint.  Survey  of  Minn.,  IBth,  (1S86)  Ann. 

Bept.,  pp.  401-417.  1887.— mh  (1887)  Ann.  Itept ,  pp.  303-163,  1888. 

—17th  (1888)  Ann.  Eept,  pp.  75-145,  1889. 
N,  fl.  and  H,  V.  Winchell.— The  Iron  ores  of  Minnesota;  Geol.  and  Nat. 

HiBt.  Survey  of  Minn.,  Bull.  No.  6, 1891. 
C.  B.  Van  Hlae.— An  att«mpt  to  baTmonize  some  apparently  conflicting 

views  of  Lake  Superior  stratigraphy;  Amer.  Jour.  Sci.,  3,  vol.  zll, 

pp.  117-137,  Feb..  1891. 
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CHAPTER  II. 

THE  ROCK  POKMATIONS  EEPRB8BNTED. 

In  this  chapter  the  different  rock  formations  occurring  in  the 
area  studied  are  considered  in  succession,  but  two  of  them— 
the  granite  and  the  porphyryte— are  reserved  for  a  more  de- 
tailed treatment  in  the  foUowing  chapters.  In  the  first  place 
the  different  formations,  already  briefly  mentiooed  in  an  "Out- 
line of  geological  features"  in  Chapter  I,  are  to  be  considered 
lithologically  and  structurally.  These  will  be  taken  up  in  the 
order  of  their  supposed  ages,  and  the  discussions  as  to  their 
comparative  ages  and  relationships  are  brought  together  at 
the  end  of  this  chapter.  It  is  fair  to  state  at  the  outset  that 
the  following  division  of  the  clastic  rocks  is  partly  for  conven- 
ience in  description,  and  is  not  wholly  due  to  the  fact  that  they 
can  all  be  distinctly  separated  from  each  other  in  the  field  or  in 
hand  specimens.  Nevertheless,  it  is  possible  to  recognize  more 
or  less  distinctly  the  following  rock  types  :-rargillyte,  gray- 
wacke,  grit,  conglomerate,  green  schist  and  volcanic  tufF.  The 
first  three  are  often  so  intimately  interbedded  that  it  is  impossi- 
ble to  separate  them  in  mapping  and  general  description;  conne- 
quently  they  are  grouped  together  and  form  what  is  termed  the 
slate  formation.  The  other  types  are  more  easily  separated 
from  each  other  and  from  the  slate  formation,  and  they  have 
therefore  each  been  mapped  separately;  but  the  boundaries 
shown  on  the  geological  map  (Plate  II)  are  of  only  approxi- 
mate correctness  for  this  reason:  these  rock  types  often  seem 
to  pass  by  insensible  transitions  into  one  another  and  each 
occcurs  in  small  amounts  interbanded  with  the  others  so  that 
separation  is  not  possible.  However,  there  are  certain  areas 
where  one  type  covers  a  large  proportion  of  the  surface  and 
such  areas  have  been  mapped  as  though  composed  of  that  type. 
The  conglomerates  have  been  included  in  the  rocks  to  which 
the  above  remarks  apply,  although  there  is  a  possibility  that 
the  coarse  conglomerate  is  of  a  later  age  than  the  surrounding 
elastics;  this  question  will  be  considered  in  another  place. 
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THE  ANCIENT  CLASTIC  BOCKS. 

These  form  the  coaatry  rocks  of  the  re^on;  geographically 
they  cover  perhaps  three  fourths  of  its  area.  The  different 
parts  of  this  series, — the  slate  formation,  the  green  schist,  the 
tuff  and  the  conglomerate, — are  more  or  less  closely  related 
and  have  many  characters  in  common. 

The  strike,  with  some  local  exceptions,  varies  from  N.  40° 
E.  toN.  75°  E.,  the  average  being  about  N.  60°  to  65°  E.,  which 
is  the  usual  strike  of  similar  rocks  in  this  part  of  the  state. 
The  dip  varies  a  few  degrees  either  side  of  the  vertical,  but 
rarely  becomes  lower  than  70".  This  general  strike  and  dip 
are  practically  constant  over  the  whole  area.  There  is,  how- 
ever, one  noticeable  exception  to  the  generftl  strike  of  the  rocks 
of  this  region;  this  is  in  the  west  half  of  section  6,  T.  64  N.,  R. 
6  W.,  where  for  a  considerable  distance  the  strike  is  almost  ex- 
actly north  and  south,  the  dip  being  about  vertical. 

The  clastic  rocks  have  been  subjected  to  considerable  dy- 
namic action  and  as  a  result  all  except  the  coarse  conglomerate 
have  acquired  slaty  and  schistose  structures  in  many  places. 
This  is  especially  trne  of  the  argillytes  and  green  schists,  but 
in  most  cases  where  undoubted  stratification  appears  it  is 
practically  coincident  with  the  slaty  or  schistose  structure. 
There  are  however  many  outcrops  which  show  one  of  these 
secondary  structures  without  exhibiting  any  distinct  lines  of 
sedimentation.  And  in  this  connection  it  should  be  stated  that 
evidences  of  sedimentatioa  are  lacking  over  exposures  of  con- 
siderable size;  this  is  especially  the  case  in  the  conglomerates, 
tuffs,  graywackes  and  grits,  but  is  also  true  to  a  lees  extent  in 
the  argillytes.  All  of  the  clastic  rocks,  excepting  the  green 
Bchiste  and  argillytes,  are  often  seen  possessing  no  evidence 
either  of  sedimentary  lamination  nor  of  secondary  parallel 
structures;  in  such  cases  the  graywaokes  frequently  present 
the  appearance  of  fine-grained  massive  rocks. 

The  slate  formation. 

The  larger  part  of  the  area  described  is  composed  of  rocks 
beloi^ng  to  this  formation.  It  includes  almost  all  the  north- 
ern half  of  the  region  mapped, — in  fact  the  whole  portion  of 
the  area  north  of  Kekequabic  lake,  except  small  areas  of  green 
schist,  tuff  and  hornblende  porphyryte,  is  made  up  of  rocks 
belonging  to  this  formation.    It  also  occupies  the  eastern  side 
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and  all  of  the  southeastern  quarter  of  the  map,  but  does  pot 
occur  in  the  southwestern  quarter.  These  rocks  reach  a  greater 
development  outside  of  the  immediate  vicinity  of  Kekequabic 
lake  and  form  a  large  proportion  of  the  KeewaUn  rocks  in 
Minnesota. 

Lithologically  the  slate  formation  is  divisible  into  three 
parts:— argillyte,  graywacke  andgrit.  The  first'covers  some 
areas  almost  exclusively,  but  the  others,  while  found  in  large 
amount,  are  never  entirely  free  from  bands  of  argillyte.  Still 
there  are  certain  portions  of  the  surface  where  grit  or  gray- 
wacke is  developed  to  almost  the  complete  exclusion  of  the  ar- 
gillytes.  These  three  types  of  rocks  are  found  grading  into 
each  other.  This  is  especially  noticeable  in  the  case  of  the 
graywfwkes  and  argillytes,  the  finer  grained  slaty  facies  of  the 
former  passing  by  indistinguishable  steps  into  gray  argillytes. 
In  mapping  it  is  of  coarse  impossible  to  separate  areas  of  ar- 
gillyte from  those  of  grrit  or  graywacke  as  they  are  so  inti- 
mately interbedded,  but  under  the  description  of  each  is  given 
its  distribution  in  areas  where  the  two  others  are  largely  absent 

Argillyt6.~Th.e  largerpart  of  the  region  north  of  Kekequabic 
lake  and  also  a  considerable  part  of  section  6,  T.  64  N.,  K.  6  W. 
is  occupied  by  argillytes.  They  are  found  in  their  best  devel- 
opment, comparatively  free  from  bands  of  grit  and  graywacke, 
just  to  the  west  and  northwest  of  Kekequabic  lake  and  around 
the  shores  of  Epsilon  lake.  In  color  the  argillytes  are  gener- 
ally rather  dark,  nearly  black  or  dark  gray,  but  they  often  vary 
towards  greenish  and  lighter  gray  tints  and  in  one  place  near 
the  comer  of  the  bay,  in  which  is  Stacy  island,  to  a  reddish 
shade.  Evidences  of  stratification  are  quite  generally  present, 
being  shown  by  alternating  bands  of  lighter  and  darker  shades, 
these  bands  usually  being  from  one  quarter  of  an  inch  to  an 
inch  in  width.  Rarely  there  are  seen  areas  of  the  darker  slates 
where  sedimentary  lines  are  obscure  or  entirely  lacking.  The 
darker  varieties  show  the  best  developed  slaty  cleavage,  but  in 
no  place  is  this  continuous  and  perfect  enough  to  make  the 
beds  of  economic  importance. 

The  argillytes  vary  in  composition  in  two  general  directions. 
First,  by  the  addition  of  more  and  more  silicioos  matter,  they 
grade  into  silicious  schists;  variation  in  thlsdirection  is  marked 
by  a  change  in  color  to  lighter  and  lighter  gray.  When  the 
silica  becomes  more  abundant  and  is  in  distinct  grains  the  rock 
is  approaching  the  graywackes  and  grits.  Variation  Id  the 
second  direction  is  due  to  the  addition  of  a  chloritic  or  hom- 
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blendic  ( actinolite?)  constitoent  often  accompanied  by  an  in- 
crease of  silica;  the  rock  thns  assumes  a  greenish  color  and  a  •  - 
less  cleavable  character.  Such  green  slates  are  tough  and 
very  hard.  In  one  place  near  the  southeast  end  of  Pickle  lake 
there  are  narrow  bands  of  red  and  black  jaspilyte  interbedded 
with  these  green  slates.  These  jaspilyte  bands  are  the  nearest 
approach  to  iron  ore  in  the  immediate  vicinity  of  Kekequablc 
lake.  Another  direction  of  change  for  the  argiUytes  is  toward  ■ 
sericitic  schists;  this  variation  is  not  seen  commonly  at  Keke- 
qQabic  lake,  but  is  shown  to  some  extent. 

Qraywacke., — This  rock  occurs  in  its  best  development  around 
the  east  end  of  Kekequablc  lake.  It  Is  seen  in  especially  fine 
exposures  in  the  S.  W.  i  section  29,  T.  65  N.,  R.  6  W.  It  varies 
in  grain  from  quite  coarse  gray wacke,  with  quartz  graius'iV  to 
i  inch  in  diameter,  to  a  very  fine  gray  slate.  The  coarser 
facies  occur  in  massive  beds  from  a  tew  inches  to  many  feet  in 
thickness,  and  often  show  no  parallel  structures,  either  original 
or  induced.  Since  this  rock  has  been  fully  described  in  the  re- 
ports ou  northeastern  Minnesota  it  seems  preferable  to  give  a 
few  quotations  from  the  published  descriptions  of  Dr.  Alexan- 
der Winchell  than  to  attempt  any  new  description. 

"The  best  characterized  graywackes  are  obscurely  bedded, 
dark  gray  and  composed  of  fine  grains  of  quartz  and  feldspar 
mostly  but  not  exclusively  monoclinlc,  all  imbedded  in  a  sparse 
or  copious  groundmass  of  a  silico-argillaceous  character.  Dis- 
seminated through  the  rock  are  generally  some  black  specks 
of  an  anthracitic  character.  Peroxide  of  iron  also,  is  often 
present.  From  the  condition  thus  described  the  variations  are 
very  marked.  Often  through  an  excess  of  quartz  and  a  high 
silicification  of  the  groundmass,  the  rock  becomes  impure-flinty, 
and  under  the  influence  exerted  by  heat,  has  acquired  a  ringing 
hardness,  accompanied  by  two  or  three  sets  of  jointage  planes, 
which  divide  the  mass  into  cuneiform  portions.  It  thns  seems 
to  answer  the  description  of  homfeU.  This  condition  is  approx- 
imated very  frequently.  But,  far  from  being  persistent,  we 
often  see  it  pass  rapidly  into  a  well  bedded  terrane.  In  another 
directaon,  the  feldspathic  constituent  exists  in  increased  quan- 
tity, and  the  dark  aspect  of  the  other  ingredients  gives  the 
rock  a  diabasic  look,  especially  when,  as  is  mostly  the  case,  all 
bedded  structure  is  completely  disguised.  At  times  it  is  al- 
most impossible  to  decide  macroscopically  whether  the  rock  is 
a  real  diabase,  an  anamesitic  doleryto,  or  only  an  altered  and 
aberrant  graywacke."* 
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"A  very  conspicuous  feature  of  the  schist  belt  is  the  frequent 
and  abrupt  transition  from  a  pronounced  slaty  Btructure  to  a 
massive  structure,  in  which  the  bedding  planes  are  obscure, 
and  in  many  cases  scarcely  discoverable.  These  massive  con- 
ditions present  the  ordinary  external  appearance  of  diabaee, 
and  sometimes  of  dolerite;  and  it  requires  many  observations 
to  convince  one's  self  that  none  of  these  are  truly  eruptive.  At 
times  these  masses  are  cut  by  joints  into  cuneiform  cuboids, 
ringing  and  flinty,  precisely  like  rooks  of  eruptive  origin;  and 
if  one  were  to  restrict  his  observations  to  a  few  such  occnr- 
rences,  he  would  feel  persuaded  that  large  portipns  of  the  re- 
gion are  occupied  by  true  dykes  of  enormous  extent.  But  with 
surprising  abruptness  these  rock-masses  are  seen  assuming  a 
more  earthy  character  and  losing  their  eruptive  features.  Close 
by,  the  lines  of  an  ancient  stratification  come  into  view,  and 
these  always  conform  to  the  rule  of  the  region.  The  rock  may 
now  be  seen  more  distinctly  to  contain  an  important  quortzose 
constituent.  This  is  sometimes  in  fine,  almost  indefinite  grains 
and  sometimes  a  silicious  groundmass.  A  different  condition 
of  the  rock  contains,  with  more  or  less  quarts:,  a  considerable 
feldspar — mostly  orthoclase,  but  partly  triclinic.  This  appears 
sometimes  in  distinguishable  grains  imbedded  in  the  silicious 
or  silico- argillaceous  groundmass,  and  sometimes  as  a  felds- 
pathic  groundmass  holding  obscure  grains  of  quartz.  Not  un- 
frequently  the  groundmass  appears  to  be  a  real  petrosilex.  In 
all  cases  the  rock^possesses  great  hardness  and  toughness. 
These  are  the  macroscopic  characters  of  a  range  of  rocks 
which  I  have  called  graywacke."* 

Orit. — This  name  is  applied  to  a  part  of  the  slate  formation 
which  makes  up  the  north  side  of  the  high  hill  in  the  S.  E.  i 
section  31,  T.  65  N.,  R.  6  W.  The  rock  called  grit  is  very  inti- 
mately interbanded  with  fine  bands  of  argillyte.  The  beds  of 
grit  vary  from  a  fraction  of  an  inch  to  fifty  feet  in  width,  and, 
aside  from  the  interbanding  of  the  argillite,  show  no  sedimen- 
tary lamination  or  slaty  cleavage. 

This  rock  seems  to  be  somewhat  different  from  anything  that 
has  been  described  in  the  Minnesota  reports;  it  was  mentioned 
by  the  writer  in  one  place,f  but  no  special  description  was 
given.  It  is  a  dark  gray  to  black  rather  fine  grained  rock 
showing  numerous  macroscopic  glistening  quartz  grains  and  a 
few  feldspar  grains  imbedded  in  a  dark  ground  moss.    The 
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grains  of  quartz  and  feldspar  and  rock  frf^mentb  (to  be  men- 
tioned below)  are  usually  from  one-half  to  two  milimeters  in 
diameter, — often  smaller  and  rarely  larger.  Onder  the  micro- 
scope the  rock  is  seen  to  be  composed  of'  sub-angular  frag- 
ments of  quartz  and  feldspar  imbedded  in  a  groundmass,  which 
is  made  up  almost  entirely  of  green  hornblende.  The  horn-  . 
blende  occurs  in  fibers  and  irregular  grains.  The  fibers  often 
are  of  minute  size  and  penetrate  the  rock  mass  in  all  directions; 
they  even  seem  to  extend  for  short  distances  into  certain 
quartz  gruos.  Small  fragments  of  various  massive  rocks  are 
also  present,  noticeable  among  which  are  a  porphyryte  and  a 
fine  grained  granite  porphyry  very  similar  to  the  porphyritic 
facies  of  the  granite  of  the  region,  but  sljtowing  no  augite.  The 
grit  thus  appears  to  be  a  rather  impure  sandstone  with  consid- 
erable interstitial  matter,  which  has  recrystallized  as  horn- 
blende. This  development  of  hornblende  in  the  elastics  of 
northeastern  Minnesota  is  of  interest  *as  it  is  of  so  widespread 
occurrence.  It  has  been  noticed  in  the  quartzites  of  the  Ani- 
mikie*  and  in  the  Ogishke  conglomerate,  and,  as  will  be  men- 
tioned below.  Is  very  characteristic  of  the  green  schists  and 
tuffa 

Oreen  schist. 

Within  the  area  under  consideration  there  occur  certain  green 
schists  of  a  rather  anomalous  character.  They  are  of  a  dull 
green  color  and  are  rather  soft,  cminbling  easily  under  the 
hunmer.  These  rocks  have  been  often  described  in  the  re- 
ports on  this  region  as  "soft  green  schists"  and  "chloritic 
schists,'"  but,  as  is  shown  below,  they  are  essentially  composed 
of  hornblende. 

These  schists  are  found  well  developed  in  some  places.  A 
small  belt  occurs  just  north  of  Kekequabic  lake  in  the  B  i  sec- 
tion 84,  T.  65  N.,  R.  7W.\  also  at  the  west  end  of  the  lake  in 
the  N.  E.  i  section  4,  T.  64  N..  R.  7  W.,  along  the  N.  i  section 
11,  T.  64  N.,  R.  7  W.,  and  on  the  south  shore  in  the  N.  W.  i 
section  32,  T.  65  N.,  E.  6  W.  But  by  far  the  largest  and  most 
typical  exposures  are  to  be  seen  in  a  narrow  belt  along  the 
north  side  of  the  lake  in  sections  35  and  86,  T.  65  N.,  R.  7  W., 
and  the  S.  W.  i  section  31.  T.  65  N.,  R.  7  W.;  perhaps  the  best 
of  these  exposures  occur  on  the  small  islands  near  the  center 
of  8ectioo86,  T.  65  N.,  R.  7  W. 
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These  outcrops  almost  everywhere  show  a  distinct  schiatofie 
structure,  which  is  more  pronounced  where  the  rock  has  weadi- 
ered.  There  are  also  in  many  places  clearly  defined  lipes  of 
sedimentation;  these  can  be  seen  in  great  perfection  on  a  little 
island  in  the  S.  W.  i  section  35,  T.  65  N..  R.  7  W.  And  here, 
as  well  as  at  some  other  localities,  there  are  numerous  rounded 
green  pebbles  of  about  the  same  composition  as  the  greeu 
schist.  These  pebbles  are  clearly  brought  out  by  weathenng 
and  wave  action,  being  slightly  more  resistant  to  these  agea- 
cies  of  destruction  than  the  rock  itself,  which  decays  and 
crumbles  readily.  There  are  also  'occasionally  seen  quartz 
hebbles  arranged  in  parallel  lines,  thus  giving  additional  traces 
of  original  sedimentary  planes. 

The  green  schist  is  usually  of  rather  fine  grain  and  is  some- 
times so  fine  that  it  appears  homogeneons.  In' the  coarser  va- 
rieties it  macroscopically  seems  to  he  composed  of  small,  glis- 
tening flakes  in  an  unindividualized  groundmaas.  Under '  the 
microscope  the  rock  is  seen  to  consist  of  closely  crowded  green 
hornblende  crystals  imbedded  in  a  fine  fibrous  groundmass. 
These  hornblendes  are  usually  in  short  stout  prisms  but  little 
elongated  In  the  direction  of  the  vertical  aris.  They  are  rarely 
more  than  half  a  millimeter  in  length  and  the  average  are  not 
more  than  half  this  size.  They  are  commonly  not  completely 
idiomorphic,  although  sometimes  they  are.  The  prismatic 
planes  are,  however,  very  generally  quite  distinct,  but  the  ter- 
minal faces  are  not  so  often  well  developed  and  are  usually  en- 
tirely absent.  The  hornblende  is  of  the  usual  green  variety, 
although  some  crystals  are  incliaed  to  a  brownish  shade.  Its 
pleochroism  is  quite  distinct,  fx  being  light  greenish  yellow. 
it  olive  green  to  brownish,  and  c  bluish  green.  The  absorption 
formula  is  .c>b'>iX,  although  the  rays  vibrating  parallel  to  c 
and  b  are  nearly  equally  absorbed,  and  the  color  is  frequently 
almost  the  same  in  the  direction  of  both  of  these  axes. 

The  ends  of  many  of  the  hornblende  crystals,  as  stated  above, 
show  no  terminal  planes,  but  they  have  fibrous  prolongations 
running  out  into  the  groundmaes.  These  fibmus  ends  are  com- 
monly not  sharply  marked  ofE  from  the  crystal  proper  and  no 
line  can  be  drawn  between  them,  the  fringe  being  of  the  same 
color  as  the  rest'^of  the  crystal  and  optically  continuous  with 
it.  It  however  happens  that  some  of  the  hornblendes,  es- 
pecially those  of  a  brownish  shade,  show  sharp  terminal  planes, 
beyond  which  is  the  fibrous  growth  optically  continuous  with 
the  crystal;  but  this  fringe  is  of  a  different  shade  from  the  crys- 
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tal  proper,  being  greenish  instead  of  browiiish.  These  fringes 
are  always  confined  to  the  ends  of  the  crystals  and  are  not  seen 
on  the  prismatic  planes 

The  fringes  of'  hornblende  fibers  closely  resemble  the  sec- 
ondary enlargements  of  hornblende  grains  and  crystals  de- 
scribed by  C.  R.  Van  Hise*  and  they  also  appear  very  similar  to 
those  figured  from  the  Menominee  region  of  Michigan  by  G. 
H.  Williams,  who  considers  them  not  to  be  secondary  enlarge- 
ments but  "the  result  of  bleaching  and  fraying  out  of  originally 
compact  hombleiide."t  It  seems  to  the  writbr  that  the  fibrons 
rims  in  the  greeo  schist  under  consideration  are  due  to  enlarge- 
ment or  a  second  period  of  hornblende  growth,  as  the  rock  is 
perfectly  fresh  and  shows  no  evidence  that  the  hornblende  has 
snfFered  bleaching. 

The  groandmass  of  the  green  schist  is  quite  fine  and  is  com- 
posed almost  entirely  of  interlacing  fibers  of  hornblende. 
There  are  also  small  areas  of  colorless,  weakly  refracting, 
snbstauce  which  is  apparently  saussurite;  the  hornblende  fibers 
penetrate  this  in  all  directions. 

The  original  nature  of  the  green  schist  is  not  very  evident, 
^hat  it  is  a  water  deposit  is,  however,  clear.  As  already  men- 
tioned it  often  shows  distinct  sedimentary  lamination  and  the 
laminie  are  frequently  seen,  where  the  rock  has  been  more  or 
less  crumpled,  running  in  wavy  lines  at  various  angles  to  the 
schistose  structure.  The  difFerence  between  the  lamince 
appears  usually  only  on  weathering,  as  some  are  more  resistant 
than  others.  One  thin  section  cut  across  the  lamination  and 
schistosity,  where  these  are  parallel,  shows  many  cross  sections 
of  hornblende,  thus  proving  that  a  considerable  number  of  the 
hornblende  crystals  have  their  vertical  axes  lying  approxi- 
mately parallel  to  the  schistose  planes  of  the  rock.  To  the 
cleavage  of  these  crystals  is  due,  at  least  in  some  measure,  the 
schistose  structure  of  the  green  schiste.  This  section  also 
shows  two  laminee,  the  only  difference  between  them  being 
that  in  one  the  hornblendes  are  noticeably  larger  and  that  there 
is  a  small  amount  more  of  the  saussurite  substance  than  in  the 
other.  It  seems  improbable  that  the  fresh  and  sharply  outlined 
crystals  of  hornblende  should  have  been  deposited  in  that  state, 
and  so  the  rock  appears  to  have  been  entirely  recrystallized 
from  Ite  original  condition.     If  such  is  the  case  there  would 

'finlSitSemeiits  of  hombleude  fragmeuUi  Amer.JouT  Sol.,  3,  toI.  xxi.  pp-  2il-1j3S, 
BApt.,Ifl8S. 

tThegTeeDHtODeBahtotareasottheMeDOialnee and  MKrquetMMKlonaof  HlahljraD: 
U.  6.  QeoL  Bnrrey,  BuU.  Mo.  BE,  p.  ISA,  flg.  U,  1880.  ^ 
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seem  to  have  been  two  periods  of  hornblende  formation,  to  the 
second  of  which  belong  the  fibrous  enlargements  of  the  crys- 
tals and  very  likely  the  fibrous  groundmass. 

The  occurreQce  of  sharply  outlined  crystals  of  hornblende  of 
secondary  origin  in  a  clastic  rock  has  already  been  mentioned. 
Reusch*  has  described  a  conglomerate  from  Norway  in  wfaich 
there  are  hornblende  needles  ("epigenetic  hornblende")  lying 
in  the  matrix  of  the  conglomerate,  and  also  running  from  the 
matrix  into  the  pebbles,  thus  proving  the  secondary  origin  of 
the  hornblende. 

As  to  just  what  was  the  nature  of  the  original  sediment 
which  formed  the  green  schist  it  is  impossible  to  decide,  but  it 
seems  probable  that  it  was  a  fine  water  deposited  volcanic  ash, 
now  entirely  recrystallized.  This  idea  is  strengthened  by  the 
faci  that  these  green  schists  are  rather  intimately  connected 
with- the  next  rock  type, — an  undoubted  tuff, — and  the*  two 
grade  together;  and  in  the  latter  are  also  found  similar  crystal- 
lizations of  hornblende. 

Volcanic  tuff. 

Extending  along  the  central  part  of  the  north  shore  of  Keke- 
quablc  lake  and  separated  from  the  water  by  a  narrow  belt  of 
green  schist,  is  a  prominent  ridge  ending  on  the  east  in  Mall- 
mann's  peak.  This  ridge  is  made  of  bard  tough  rock,  which, 
excepting  at  its  eastern  end.  is  different  from  any  rock  in  the 
vicinity.  It  varies  much  in  general  appearance  hut  is  usually 
of  a  greenish  color  with  an  aphanitic  base  in  which  are  sees 
numerous  lighter  blotches  and  changes  of  color.  Between 
these  blotches,  and  sometimes  in  them,  are  black  crystals  of 
hornblende.  Pyrite  is  also  quite  commonly  seen.  In  certain 
places  rounded  and  subangular  pieces  of  quartz  and  argillyte 
are  embraced  in  the  rock,  and  it  is  also  seen  gradingin  to  the 
green  schists.  Parallel  bandings  similar  to  sedimentary  laminfe 
also  occur,  sometimes  quite  abundantly,  but  usually  the  rock 
shows  no  structural  planes  of  any  kind,  nor  any  schistose  or 
slaty  cleavage. 

In  thin  section  this  rock  varies  much,  but  its  fragmental 
character  is  easily  discernible.  The  original  nature  of  the 
fragments,  which  are  usually  angular,  is,  however,  not  very 
evident  owing  to  alteration  and  the  development  of  second- 
on  Bergen  la  Norwegeo,  p.  SO. 
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ary  minerals  in  the  rocli,  but  it  seems  that  &  porphyryte  forms 
most  of  these  frag^ments.  Between  the  fragments  and  form- 
ing the  groandmass  of  the  rock,  and  often  in  the  fragments 
themselves,  are  many  hornblendes  similar  to  those  in  the  green 
schist.  And  there  are  also  areas  of  secondary  hornblende 
filling  in  old  crystal  outlines;  what  these  crystals  originally 
were  is  not  clear,  although  they  probably  were  pyroxenes. 

That  the  Keewatin  rocks  northwest  of  lake  Superior  are  to  a 
considerable  extent  composed  of  volcanic  (effusive)  material 
has  been  stated  already  by  G.  M.  Dawson,*  A.  C.  Lawsonf  and 
N.  H.  Winchell.  .  Although  the  material  of  much  of  the  Keewa- 
tin in  Minnesota  has  been  assumed  to  be  volcanic  luff  and  finely 
divided,  water-deposited  ash,  still  the  actual  number  of  places 
where  the  rocks  have  been  shown  to  be  composed  of  such  vol- 
canic matter  is  very  small.  M.  E.  Wadsworth  has  described  a 
few  sections  of  fragmental  volcanic  rocks — porodytesj — ,  and 
N.  H.  Winchell  has  given  an  account  of  an  agglomerate  from 
Ely.§  Aside  from  these  the  writer  knows  of  no  descriptions  of 
rocks  from  the  Keewatin  of  Minnesota  that  are  clearly  shown 
to  be  of  volcanic  origin.  That  some  of  the  rooks  about  Keke- 
quabic  lake,  especially  the  green  schists,  were  composed  of 
fragmental  volcanic  material  has  been  suggested  before.  \ 

Conglomerate. 

While  conglomeratic  patches  of  very  limited  extent,  holding 
only  small  pebbles,  are  found  at  various  places  in  the  rocks  al- 
ready described,  especially  in  the  green  schists,  still  these 
areas  have  never  been  large  enough  or  common  enough  to  en- 
title the  rock  to  he  designated  as  a  conglomerate.  However,  a 
conglomerate  containing  numerous  rounded  and  closely  crowded 
pebbles,  which  often  reach  a  size  of  over  a  foot  in  diameter, 
occurs  near  the  south  shore  of  Kekequabic  lake  at  its  narrowest 
point.  There  has  been  no  unconformity  found  between  this 
rock  and  the  finer  grained  non-conglomeratic  rocks  near  it,  al- 
though the  bedding  in  the  conglomerate  is  obscure;  and  it 
seems  to  grade  into  the  other  rocks  by  simple  loss  of  its  peb- 

■  BrItlafaN.  A.  BoaDdaryOommlsslon,  18JS. 
i  Qeol.  BurT.  of  Oauada,  vol.  Ul.  pt.  J,  IBSS. 
t  Ibid.,  BaU.  No.  2, 1B8T. 

■  Amer.  Geol..  toI.  \x,  pp.  B9»-3<I8,  Juae.  1892. 

I  N.  H.  Winchell.   Geol.  kq^  Nat.  Hist.  Suct.  ot|MlDD.,  IBth  {leg!)   Add.  Bept..  p. 
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bles.  This  conglomerate  is  part  of  what  has  been  termed  the 
Ogishke  Muncie  or  simply  the  Ogishke  conglomerate.  It  has 
been  frequently  described  ,and  discussed  as  fair  as  our  present 
knowledge  of  it  will  allow,  and  consequently  it  need  not  be 
further  spoken  of  here.-  The  reader  is  referred  to  a  paper  by 
the  writer  where  full  references  are  given  to  the  descnptions 
of  this  conglomerate  and  to  the  ideas  that  have  been  advanced 
concerning  its  stratigraphic  relationships/ 

THE   IGNBOnS  ROCKS. 

There  are  four  distinct  types  of  igneous  rocks  represented 
within  the  area  treated  in  this  paper.  In  order  of  their  proba- 
ble .ages  they  are:  porphyry te,  granite,  diabase  and  gabbro. 
Of  these  the  first  two  have  been  made  subjects  of  somewhat  de- 
tailed investigation,  the  results  of  which  are  contained  in  the 
two  following  chapters.  The  other  two  types  of  igneous  rocks 
are  developed  within  the  area  studied  only  to  a  small  extent,  and 
they  are  therefore  given  but  a  brief  description  in  this  place. 

Diabase. 

Diabase  is  found  in  this  area  only  in  vertical  dykes  which  do 
not  form  any  very  prominent  features  of  the  country.  These 
dykes  are  of  later  age  than,  Etnd  cut  all  the  other  rocks  of 
this  region,  with'  the  possible  exception  of  the  gabbro.  The 
most  westerly  occurrence  qf  diabase  is  at  the  base  of  the 
small  promontory  in  Kekequabic  lake  in  the  S.  W.  i  section 
3,  T.  64  N.,  R  4  W.  Here  this  rock  was  seen  only  in  one 
place  and  the  direction  of  the  dyke  is  not  known.  A  dyke 
thirty  feet  in  width  is  found  along  the  south  shore  of  Spoon 
lake  in  the  S.  E.  i  section  26,  T.  65  N.,  R.  7  W. ;  its  direction  is 
N.  40°  E.,  and  it  is  again  seen  a  short  distance  to  the  northeast 
cutting  across  a  point  on  the  north  shore  and  forming  the  cen- 
ter of  a  low  ridge.  Just  to  the  west  of  this  place  and  on  the 
north  side  of  the  same  lake  is  a  fine  grained  dyke  three  feet 
wide;  this  runs  almost  at  right  angles  to  the  other.  On  the 
eastern  half  of  Kekequabic  lake  are  three  dykes  with  a  nearly 
north  and  south  direction;  each  is  seen  on  both  sides  of  the 
lake.  The  most  westerly  is  in  the  N.  W.  J  section  31,  T.  65  N., 
R.  6  W. ,  and  the  most  easterly  is  seen  on  the  north  shore  in  the 
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S.  W.  i  section  29  and  on  the  Bonth  shore  in  tlie  N.  W.^  section 
32,  T.  65  N.,  R.  6  W.  The  other  crosses  the  lake  just  east  of 
Mallmann'speak;  it  appears  above  the  water  twice  in  its  course 
across  the  lake  and  forms  two  small  islands;  this  dyke  has  been 
described  by  N.  H,  Winchell*  and  by  A.  Winchell-t 

Just  east  of  the  centre  of  section  32,  T.  65  N.,  B.  6  W.,  is 
another  dyke  running  north  and  south,  which  has  been  traced 
bnt  a  short  distance.  Near  the  southwestern  end  of  Epsilon 
lake  are  two  more  dykes,  the  smaller  one,  fifteen  feet  wide, 
runs  in  a  northwesterly  direction  and  is  seen  on  both  sides  of 
the  lake.  The  other  is  the  largest  seen  in  this  region,  being 
over  150  yards  in  width.  It  is  very  coarse  grained  in  the  centre, 
and  sends  of!  small  branching  dykes  into  the  surrounding  rock. 

A  thin  section  of  the  diabase  from  the  most  easterly  of  the 
dykes  that  cross  Kekequabic  lake  shows  the  rock  to  be  a  coarse 
ophitic  aggi%gat«  of  plagioclase  and  a  pinkish  augite.  There 
is  considerable  iron  ore,  probably  magnetite,  present  and  large 
amounts  of  secondary  hornblende  have  been  developed,Qot  only 
as  replacements  of  part  of  the  augite  but  also  in  numerous  films 
all  through  the  section.  The  plagioclase  is  in  places  undergo- 
ing alteration  to  sericite.  A  section  from  the  larger  of  the  two 
dykes  on  Spoon  lake  is  of  medium  grain  and  contains  a  very 
large  proportion  of  augite,  which  however  does  not  show  as 
pronounced  a  pinkish  tinge  as  that  in  the  other  section.  Much 
of  the  plagioclase  appears  cloudy  in  ordinary  light  and  under 
creased  nicols  is  seen  to  have  largely  altered  to  sericite.  Sec- 
ondary hornblende  is  not  as  common  as  in  the  other  dyke. 


This  type  of  igneous  rock  occurs  only  along  the  southern 
side  of  the  area  studied.  The  gabbro  is  quite  coarse  grained 
and  shows  many  variations,  which  have  been  described  already 
quite  fully,  and  no  further  mention  of  it  need  be  made  here  ex- 
cept to  refer  to  Irving's  descriptiOQ§  and  to  those  in  the  reports 
of  the  Geological  and  Natural  History  Survey  of  Minnesota.t 

*  Geol,  and  N«t.  Hist.  Sntrey  of  Ulan.,  15th  (1B8S)  Ann.  Rept^  p.  368. 1B8T.  ISth 
(leST)  Ann,  Rept.,  p.  101,1888. 

t  Ibid..  15Ui  (IBRS)  Ana.  Bept..  p.  193. 18n. 

I  The  coppei-be»rlng  rocks  of  Lake  Superior:  V.  S.  Geol.  Survey,  Hon.  V.  pp.  37-61, 
UBi. 

tIbpeclKllr  Bulletins  Nos.  2  and  6;  also  aome  Of  the  Annual  Beports. 
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However,  it  will  be  of  interest  to  speak  briefly  of  a  peealiar 
rdek,  which  is  mapped  as  a  conttK-t  rock  ol  the  gabbro.  This 
has  been  mentioned  many  times  in  the  reports  of  the  Minnesota 
Survey  as  "muscovado."  It  is,  as  usually  seen,  a  brownish, 
fine  grained,  granular,  rock  which  easily  crumbles  under  the 
hammer;  this  is,  however,  only  the  weather  parte  of  the  rock, 
and  in  fresh  exposures  it  is  dark  gray,  of  granitic  tezture  and, 
rather  fine  grain.  This  rock  is  confined  to  the  northern  limits 
of  the  gabbro  and  is  seen  iu  many  places  along  this  line  and  to 
the  south  of  it.  It  is  now  known  that  part  of  the  rocks  included 
under  the  term  "muscovado"  are  altered  portions  of  the  Keewa- 
tin  sediments,  probably  metamorphosed  by  the  action  of  the 
gabbro.  Such  rocks  can  be  especially  well  seen  on  the  east 
shore  of  Crabimichigama  lake  in  section  32,  T.  65  N.,  It.  5  W. 
On  the  other  hand  it  seems  very  probable  that  large  parte  of 
the  so-called  '  'muscovado"  will  be  found  to  be  fiiie  grained  gab- 
bros; — perhaps  a  facles  of  the  gabbro  presented  near  its  con-  ' 
tact  with  the  imderlying  rocks,  or  fine  grained  gabbros  of  a 
little  earlier  date  than  the  main  coarse  grained  gabbro  mass. 
Sections  of  such  rocks  show  them  to  be  nothing  but  fine  grained 
gabbros. 


DRIFT  DEPOSITS. 


From  the  gabbro,  which  is  of  Keweenawan  age,  there  are  no 
evidences  of  any  other  geological  formations  having  been  de- 
posited in  this  region  until  coming  to  the  drift  However,  near 
the  northern  edge  of  the  gabbro  and  considerably  farther  west 
Cretaceous  strata  have  been  recently  found  and  it  is  possible 
that  these  deposits  once  existed  much  farther  east  in  north- 
eaeteru  Minnesota  than  they  are  now  known,*  Traces  of  gla- 
cial action  are  very  evident  in  many  rounded  knobs  of  ice- 
scored  rock  and  in  scanty  deposits  of  sand,  gravel  and  boul- 
ders. The  tops  of  the  highest  hills  show  glacial  strise  and 
often  are  more  or  less  strewn  with  foreign  boulders.  There 
are,  however,  no  recognized  moraines  about  Kekequabic  lake, 
and  wherever  the  drift  is  present  it  is  at  most  of  only  a  few 
feet  in  thickness. 
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AGES  OP  THE   DIFFERENT  ROCKS. 

The  rocks  around  Kekequabic  lake,  excepting  the  gabbro  and 
diabase,  have  been  considered  in  the  reports  of  the  Minnesota 
Snrvey  as  belonging  to  the  Keewatin;  this  is  the  Minnesota 
equivalent  of  the  Lower  Huronian,  as  that  term  is  used  by  the 
United  States  Gleological  Survey.*  To  this  series  would  be  re- 
ferred the  slate  formation,  the  green  schist  and  the  voicanic 
tuff,  which  seem  Intimately  connected  with  each  other  and  are 
probably  the  oldest  rocks  in  the  area  studied.  The  conglom- 
erate contains  numerous  well  rounded  pebbles,  many  of  which 
are  similar  to  some  of  the  Keewatln  rocks,  and  it  seems  to  be- 
long to  a  newer  series,  although  as  yet  no  unconformity  has 
been  seen  between  this  conglomerate  and  the  other  rocks. 

That  this  conglomerate  is  a  conformable  part  of  theKeewatin 
is  the  view  of  N.  H.  and  A.  Winchell,  while  Lawson  holds  the 
same  view,  but  regards  it  as  representing  a  newer  infolded  part 
of  this  series,  probably  separated  from  the  rest  of  the  Keewatin 
rocks  by  an  unconformity.  Van  Hise  considers  the  conglome- 
rate to  belonging  to  anewer  series, — the  Animikie  (Upper 'Hu- 
ronian),— which  is  separated  from  the  Keewatin  (Lower  Huro- 
nian) by  a  marked  unconformity.  The  writer  is  inclined  to  the 
view  of  Lawson,  i.  e.  that  the  conglomerate  is  part  of  the  Eee- 
watin,  probably  separated  from  the  lower  part  of  that  series  by 
an  nncibnf  ormity,  and  that  it  is  much  older  than  the  Animikie.  f 

An  unconformity,  considered  to  exist  between  Keewatin 
schist  and  Animikie  slate,  has  been  described  by  A.  Winchell 
on  the  northeastern  shore  of  Epsilon  lake,|  just  outside  the 
area  mapped  in  this  paper.  This  unconformity  has  not  been 
recognized  about  Kekequabic  lake. 

From  our  present  knowledge  we  have  no  positive  proof  that 
there  is  more  than  one  series  of  clastic  rocks  in  the  Kekequabic 
lake  area,  but  there  are  certain  facts  which  sug^st  the  possi- 
bility of  two  unconformable  series  being  here  represented.  The 
clastic  rocks  of  the  whole  region  have  been  subjected  to  severe 
folding  and  have  in  many  places  acquired  secondary  structures, 
so  that  t^e  4xact  structure  and  sequence  can  be  determined 


*  Beterenoes  to  the  views  ooDoernlag  the  ose  at  the  Oglshke  aonElomemte  will  be 
fouod  la  the  writer's  paiter  "The  Htrotlgraplilc  position  ot  the  OgiBhke  oonglomerule 
ot  northeastern  Hlnnesota;"  Amer.  Geologist,  rol,  x,  no.  S.  pp,  4-10,  Jalj.tisgs. 

t  Geol,  and  Mat.  Hist.  Surrej  of  UIqd„  I«th  (ISST)  Ann.  Kept,,  p.  3SS,  18 
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only  by  careful  and  detailed  work.  Future  investigations  may 
show  that  the  whole  is  one  conformable  series,  or  that  there  are 
two  unconformable  series,  to  the  younger  of  which  belongs  the 
conglomerate,  and  perhaps  some  of  the  other  rocks. 

The  porphyryte  has  been  regarded  as  of  Keewatin  age  and 
there  is  nothing  to  show  that  the  granite  cut  rocks  of  a  more  re- 
cent age  than  the  Kee\Catin.  Thegabbrois  usually  regarded  as 
of  early  Keweenawan  age.  The  age  of  the  diabase  dykes  is  not 
known;  they  were  perhaps  cotemporaneous  with  the  great 
diabase  intrusions  in  the  Animikie,  which  have  been  referred 
toAnimikie,  Keweenawan,  and  perhaps  even  to  Silurian*  time. 

The  porphyrite  and  granite  do  not  show  the  results  of  hav- 
ing been  subjected  to  intense  dynamic  ^action,  like  periferal 
granulation  of  the  grains  or  the  production  of  a  schistose 
structure,  except  that  the  quartz  sometimes  shows  undulatory 
extinction.  However,  the  harder  and  more  resisting  parts  of 
the  elastics, — the  gray wacke,  volcanic  tuff  and  conglomerate,— 
also  often  show  no  structures  produced  by  dynamic  agencies, 
but  they  were  certainly  present  dnring  the  folding  of  the  re- 
gion: So  the  two  igneous  rocks  just  mentioned  may  be  at 
earlier  date  than  the  folding.  From  his  present  knowledge 
the  writer  regards  the  porphyryte  as  cotemporaneous  with  the 
deposition  of  the  volcanic  tuff  and  the  green  schist,  and  the 
granite  as  dating  from  the  folding.  The  diabase  dykes  are 
clearly  later  than  both  the  poi'phyryte  and  the  granite,  and  are 
also  certainly  of  more  recent  date  than  the  folding. 

The  following  table  gives  the  ages  of  the  rocks  represented 
around  Kekequabic  lake.  On  the  left  are  given  the  age  terms 
used  by  the  Geological  and  Natural  History  Survey  of  Minne- 
sota, and  on  the  right  those  of  the  United  States  Geological 
Survey.  However,  as  before  stated,  the  diabase  may  not  be- 
long where  it  is  placed,  and  the  conglomerate,  with  perhaps 
some  of  its  associated  rocks,  may  prove  to  be  later  than  the 
Keewatin  (LoVer  HuroniEin).  If  the  latter  is  the  case,  there 
were  probably  two  periods  oC  folding.f 

Taconlc  \  Keweenawan  \  g^bb™'  \ « 

f  rCongluraeriito 

Arehean  \  Keewatin         i  Q^tV^bM 

|_  !»!&"■•• 

•A.  O.  LawBOQ.   The  lacooUtlc  slUs  ot  the  nortbnest  ooaat  of  lake  Superlori  a«(d. 
and  Nat.  Hist.  Surrer  Ol  Minn.,  Ball.  No.  8,  p.  U,  IHB. 
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CHAPTER  III. 

THE  GRANITE. 

The  granite,  which  forms  the  principal  object  of  this  inves- 
tigation is  of  an  nnnsual  and  interesting  type,  being  an  augite 
granite  containing  sufBcient  alkali  to  impart  an  acmite-like 
habit  to  the  pyroxene,  but  not  enough  to  prevent  the  crystal- 
lization of  free  silica.  The  author  has  already  published  a 
preliminary  description,  of  this  granite,  which  description, 
however,  is  devoted  only  to  the  petrography  of  the  rock.* 

OCCURRENCE. 

The  granite,  with  the  two  exceptions  mentioned  below,  i& 
confined  to  a  roughly  oval  area,  whose  major  axis  (east  and 
west)  is  about  three  and  a  half  miles;  the  minor  axis  being  less 
than  two.  It  occupies  most  of  the  S.  W.  i  section  31,  T.  65  N.  R.  6 
W.,  the  S.  i  of  S.  i  section  86.  T.  65  N.,  R.  7  W.,  nearly  all  of 
section  1,  all  the  land  in  section  2  and  most  of  the  land  in  sec- 
tion 3,  T.  64  N.,  R.  7  W.  The  only  exceptions  to  the  oval 
outline  of  the  area  occupied  by  the  granite  are:  (1.)  A  narrow 
band  of  granite,  or  what  appears  to  be  such,  running  out  from 
the  main  mass  along  the  south  shore  of  Kekequabic  lake,  in 
section  31,  T.  65  N.,  R.  6  W.  (2.)  Small  isolated  granitic  bosses 
found  in  the  clastic  rocks,  mostly  to  the  north  of  the  main  mass 
of  the  granite.  The  rock  of  these  areas  makes  up  the  porphy- 
ritic  facies  of  the  granite.  In  this  connection,  and  before 
proceeding  farther,  it  might  be  well  to  state  that  the  granite  is 
separated  into  two  principal  facies, — a  granitic  and  a  porphy- 
ritic, — which  are  rather  distinct  in  the  field. 

On  all  sides,  except  at  the  southwest,  the  outlines  of  the 
granite  area  can  be  pretty  definitely  traced,  fuid  we  can  feel 
sure  that  its  surface  area  is  about  all  exposed.  But  at-the 
southwest  the  gabbro  contact  rocks  come  up  to  the  granite.    If 

Ha;  Amer.  Qeologlst,  vol,   xl.  do.  8. 
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these  rocks  are  part  of  the  g&bbro  which  extends  over  the  old 
granite  surface,  it  is  possible  that  there  is  an  area  of  granite 
now  concealed  under  the  gabbro  and  its  contact  rocks  to  the 
southwest  But  this  is  rendered  rtttber  improbable  for  two 
reasons:  (1.)  The  general  outline  of  the  granite  area  and  the 
fact  that  the  clastic  rocks  of  the  region  are  found  both  on  the 
south  and  west  would  seem  to  indicate  that  they  were  contiiiu- 
ous  around  the  southwestern  edge  of  the  granite  boundary. 
(2.)  It  is  not  yet  certfun  that  the  gabbro  contact  rocks  which 
here  come  up  to  the  granite  are  not  the  elastics  of  the  region 
metamorphosed.  There  are  no  other  known  exposures  of 
granitic  rocks  within  several  miles  of  the  Kekequabic  lake 
granite,  excepting  one  small  outcrop  (syenite)  in  the  midst  of 
the  gabbro  near  the  center  of  the  S.W.i  of  section  11,  T.64N., 
E.  7W.» 


PARALLET^  STRUCTURES. 

One  of  the  first  features  of  the  granite  which  attracts  atten- 
tion is  its  separation  along  roughly  parallel  planes.  The  lay- 
ers thus  formed  vary  from  an  inch  to  ten  or  more  inches  in 
thickness,  and  the  same  layer  varies  in  thickness  within  a  short 
distance.  No  difference  in  petrographical  character  between 
the  different  layers  can  be  made  out,  nor  is  there  any  arrange- 
ment, macroscopically  visible,  of  the  constituent  minerals  of 
such  a  kind  as  to  cause  splitting  along  these  planes.  And 
there  seems  to  be  no  tendency  toward  an  indefinite  separation 
into  finer  and  finer  layers.  In  some  cases  small  quartz  veins 
are  to  be  seen  between  the  different  layers,  but  usually  there  is 
nothing  visible  except  a  simple  undulating  crack.  Thin  sec- 
tions of  the  rock  cut  at  right  angles  to  this  cleavage  show  no 
evidence  of  any  parallel  arrangement  of  the  minerals  nor  of 
any  microscopical  faults  or  fault  breccias,  to  which  cause  the 
rifting  of  certain  granites  is  due.t 

The  cleavage  of  the  granite  of  Kekequabic  lake  has  been 
described  and  figured!  but  no  explanation  of  its  origin  was 
given.  It  WEis  provisionally  called  fiowage  structure,  but  there 
is  no  evidence  of  such  a  structure  in  the  rock.     It  seems  to 

•Geol.  and  Nat.  HlsC.  Sutver  of  HlQD.,  SOtb  I1B81J  Ann.  Rept..  p.  69, 18B3, 
+B.  8.  Tarr.   The  pheaomeDon  of  rlCUng  In  gntDlWi  Amer,  Joar,  Bel..  3,  vol.  ill.  pp- 
ani-KTS,  Apr,  1B91. 
tOeol.  and  Mat.  Hl>t.  Survey  OC  HlnD„  ISth  (1888)  Ann.  Kept.,  pp  3ni-3a2,  Bks.  51  and 

BE.18S7.    a)th  (1891)  Ann.  Hept.,  pp.  TO-n,  tl;.S,18B3. 
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the  writer  this  separation  into  sheets  is  probably  due  to  joint- 
age  caused  by  contractioja  in  cooling.  While  this  cleavage  is 
in  places  very  prononnced,  it  is  still  not  to  be  seen  over  most 
of  the  granite  area  It  is  found  in  its  best  development  on 
some  of  the  smaller  islands  in  the  western  part  of  Kekeqaabic 
lake  in  section  3,  T.  64  N,,  R.  7  W.  Here  the  parallel  layers 
dip  toward  the  north  at  angles  varying  in  different  outcrops 
from  10°  to  40°,  but  on  the  little  point  in  the  S.  E.  i  of  S.  W.  i 
section  2,  T.  64  N.,  R.  7  W.,  the  dip  is  toward  the  south  10°  to 
15°.  No  general  direction  nor  regularity  in  this  dip  has  been 
seen. 

It  win  be  noticed  that  in  the  previous  descriptions  of  this 
granite  it  has  been  frequently  called  "fine  syenitic  gneiss," 
"chlorite  gneiss"  or  simply  "gneiss,"*  thus  implying  that  there 
was  some  evident  gneissic  structure  in  the  rock.  However, 
aside  from  that  described  above,  the  writer  has  been  able  to 
detect  no  evidence  of  any  parallel  structures  in  the  rock;  there 
are  no  alternating  bands  of  different  mineral  composition,  nor 
are  the  mineral  grains  uniformly  elongated  in  a  common  direc- 
tion. Wherever  examined  the  rock  presents  a 'truly  massive 
aspect.  The  only  thing  to  suggest  a  parallel  arrangement  of 
the  minerals  is  in  small  areas  of  the  porphyritic  facies  of  the 
granite,  where  some  of  the  feldspar  phenocrysts  are  arranged 
with  their  long  axes  roughly  parallel,  due  to  movement  in  the 
mass  before  solidification  and  after  the  formation  of  the  pheno- 
crysts. In  support  of  the  above  statements  concerning  the 
absence  of  gnessic  structure  in  the  granite  it  may  be  well  to 
quote  the  following  from  N.  H.  Winchell's  second  report  on 
Eekeqnabic  lake:  "This  [the  granite]  has  been  called  gneiss 
this  year  and  last,  but  it  needs  a  word  of  qualification.  It  is 
not  the  real  gneissic  structure,  or  foliation  supposed  to  be  due 
to  original  sedimentary  bedding.  It  has  acquired  a  sheeted 
structure,  but  in  general  it  is  a  massive  rock,  showing  varia- 
tions due  to  the  original  conglomeritic  state  of  its  materials,  as 
already  described.  Where  it  passes  into  the  porphyry  it  is 
more  compact  and  more  firm  than  when  it  is  not  porphyritic.  "t 

The  only  other  parallel  structure  heretofore  noted  in  the 
granite  is  that  due  to  traces  of  an  original  sedimentary  banding 
— considering  the  granite  as  a  highly  metamorphosed  conglom- 

*M.  H.  WlDohell.    Ibld.,IBtbllSBS]  Aon.Rept.,  pp.SSl-aeS.lSST.    18th  (16871  Ann.  Rept., 
pp.  IW-US.  1888. 
A.  Wluchen.  Ibid..  ISlh  (1888)  Ann.  Sept.,  pp.  Oi-ta.  138T. 
flbid.  1«th  (UB7)  Ann.  Bept,.  p,  104, 1688. 


>yC00glC 


36  TWENTY-PIHST  ANNUAL  BEPORT 

erate.  The  remains  of  this  structure  were  noted  in  one  place, 
as  follows:  "There  is  visible  sometimes  not  only  a  conglom- 
eritic,  but  a  sedimentary  banded  structure,  dipping  80°  from 
the  horizon,  south  10°  west."*  The  writer  can  only  say  that 
he  has  been  unable  to  And  any  traces  of  an  original  sediment- 
ary banding,  or  anything  that  would  suggest  it,  in  the  granite. 


PIKLD  RELATIONS  OF  THE   GRANITE. 

In  this  section  it  is  proposed  to  briefly  outline  the  general 
relations  of  the  granite,  as  seen  in  the  field,  to  its  own  facies 
and  to  the  other  rocks  by  which  it  is  surrounded. 

Field  relations  of  (A«  granite  to  its  own  facies. 

As  already  stated  there  are  two  important  facies  of  the 
granite, — a  normal  granitic  and  a  porphyritic  The  porphy- 
ritic  facies  occurs  in  isolated  bosses  without  the  limits  of  the 
granite  proper  and  is  usually  separated  from  it  by  the  country 
rock.  In  a  few  places  the  two  facies  approach  near  to  each 
other,  but  are  not  seen  in  actual  contact.  Here  no  evidence  of 
a  transition  between  the  two  is  seen,  each  retaining  its  own 
characters  as  near  together  as  they  were  exposed.  Onlyone 
contact  has  been  seen  between  these  two  facies  of  the  granite; 
here  in  a  small  exposure  branchiug  vein-like  forms  of  the 
granite  porphyry  cut  the  granitic  facies  From  this  it  would 
appear  that  the  porphyritic  facies  is  of  some  later  dat«  than 
the  main  mass  of  the  granite.  The  two  rocks  agree  so  well  in 
chemical  and  mineralogical  composition,  which  will  be  meo- 
tioned  later,  that  it  seems  impossible  to  consider  them  as  any 
thing  but  parts  of  the  same  magma.  The  writer  is  inclined  to 
think  that  the  porphyritic  facies  is  of  but  little  later  date  than 
the  granitic  facies  and  perhaps  was  erupted  before  the  com- 
plete cooling  of  the  latter. 

In  the  N.  W.  i  secbion-2,  T.  64  N.,  R.  7  W..  is  a  small  island 
made  up  mostly  of  tbe  normal  granite,  but  with  a  porphyritic 
aspect.  At  the  north  end  of  the  island  is  a  dark  gray  to  green- 
ish rock,  which  is  called  the  poikilitic  facies  of  the  granite. 
This  is  cut  in  all  directions  by  vein-like  forms  of  the  granite 
and  angular  fragments  of  the  dark  rock  are  found  imbedded  in 
the  granite  mass.    The  granite  where  it  cuts  the  other  rock  is 

•Ibid.,  16th  (ISSei  Add.  Rept,.  p.  3«2.  IWT, 
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somewhat  finer  grain  thao  at  a  short  distance  from  this 
place. 

A  peculiar  facies  of  the  granite  is  found  in  the  narrow  strip, 
which  runs  along  the  south  shore  of  Kekequahic  lake  in  the 
east  half  of  section  81,  T.65N..R.6W.  This  is  somewhat  differ- 
ent from  the  normal  granite,  but  nevertheless  seems  to  grade 
into  it.  This  facies  of  the  granite  is  called  the  homblendic 
facies. 

Aside  from  the  four  phases  of  the  granite  already  mentioned, 
there  is  another, — the  syenitic  facies.  This  is  not  as  distinctly 
separated  from  the  normal  granite  as  are  the  others,  but  it 
forms  an  important  part  of  the  gi-anite  mass.  In  many  places 
by  a  simple  gr&dual  loss  of  the  quartz,  the  granite  passes  into 
an  augite  syenite.  These  areas  of  .syenite  occur  most  fre- 
quently on  the  hills  in  sections  1  and  2,  T.  64  N.,  R.  7  W. 

Field  relatiotia  of  the  granite  to  the  surrounding  rocks. 

Tramitions. — In  former  descriptions  it  has  been  supposed 
that  this  granite  In  places  passes  gradually  into  the  gray- 
wackes  and  conglomerates  of  the  regit^n.  At  two  localities 
there  has  been  found  a  gradual  passage  from  the  granite  to 
rocks  macroecopically  resemblingflne  graywackeor  graywacke 
slate.  The  first  of  these  is  on  the  northern  side  of  the  narrow 
point  which  projects  from  the  west  shore  of  Kekequabic  lake 
in  the  S.  W.  i  of  N.  W.  i  section  3,  T.  64  N.,  R,  7  W.  Here 
within  a  distance  of  30  feet  there  is  a  gradual  transition  from 
distinct  fine  grained  granite  into  a  rock  which  resembles  the 
graywacke  slates  of  the  region,  but  it  shows  no  lamination  and 
the  slaty  structure  is  notwell  developed.  Near  the  base  of  the 
promontory  in  the  S.  W.  i  of  8.'  W.  i  section  29,  T.  65  N.,  R.  6 
W.,  is  an  apparent  transition  In  a  distance  of  a  foot  or  two 
from  the  phorphyritic  granite  to  a  graywacke-like  rock.  A 
series  of  specimens  has  been  collected  from  both  of  these 
places  and  mention  of  them  is  made  in  the  section  on  the  origin 
of  the  granite,  but  it  may  be  well  to  state  here  that  the  micro- 
scopical examination  in  no  way  confirms  the  idea  of  a  passage 
from  a  clastic  rock  to  the  granite. 

Contacts. — Around  the  edge  of  the  main  mass  of  granite  sev- 
eral exposures  have  been  found  showing  contacts  of  this  rock 
with  the  surrounding  sediments.  Perhaps  the  one  best  suited 
for  the  determination  of  the  relations  of  the  granite  to  the 
country  rock  is  near  the  center  of  the  W.  i  of  S.  E.  i  section 


>yCOOglC 


38  TWENTY-FIRST  ANNUAL  REPORT 

1,  T.  64  N.,  R.  7  W.     The  plan  of  this  exposure  is  shown  in  the 
accompanying  sketch  {Pig.  2).  which  makes  the  relations  of  the 


Fia.  9.   Oontaot  of  granite  and  nrglllyte:  Vf.  H  of 


two  rocks  sufficiently  plain.  The  granite  is  quite  sharply 
marked  ofF  from  the  country  rock,  which  is  here  a  dark  argil- 
lyte  in  which  the  bedding  is  obscure,  although  approximately 
parallel  with  the  main  line  of  contact.  In  the  other  contacts 
the  eruptive  character  of  the  granite  in  the  country  rock  is  not 
so  clearly  shown,  but  the  line  between  the  two  rocks  is  quite 
distinct  and  the  granite  is  of  a  finer  grain  at  the  contact  tiian 
at  a  distance  of  a  few  feet  from  it.  In  the  southwest  quarter  of 
section  31,  T.  65  N.,  R.  6  W.,  a  mass  of  argillyte,  more  or  less 
altered,  is  seen  included  in  the  granite,  but  sharply  marked  ofi 
from  it. 

The  porphyritic  facies  of  the  granite  is  found  in  contact  with 
the  green  schist  and  conglomerate  in  several  places.  It  usually 
sends  no  apophyses  into  these  rocks,  but  its  later  age  is  shown 
by  its  uniformly  finer  grain  at  the  contact  lines.* 

On  a  little  point  on  the  north  shore  of  Kekequabic  lake  (S. 
W.  i  section  34,  T.  65  N.,  R.  7  W.),  the  dark  arg^lyte  is  cut  by 
a  small  irregular  dyke  of  granite  porphyry,  which  sends  muiy 
stringers  into  the  argillyte  and  also  includes  fragments  of  it. 
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PEtROGRAPHICAI.  DEIBCRIPTION   OF  THE  GRANITE. 
Mdcroacopical. 

In  the  field  there  are  seen  to  be  two  quite  distinct  facies  of  the 
granite — the  normal  granite  andthe  granite  porphyry.  These 
present  some  microscopical  differences,  but  they  have  many 
characters  in  common.  The  normal  granite  is  of  a  medium  or  fine 
grain  and  a  dnll  pinkish  color.  This  color  is  quite  characteristic 
of  the  rock  as  seen  in  most  of  the  outcrops;  it  is  due  to  the  color  of 
the  feldspar  which  is  the  predominating  mineral.  The  texture 
is  firm  and  compact.  In  some  of  the  finer  grained  phases  it  is 
almost  impossible  to  distinguish  any  mineral  other  than  feld- 
spar, but  in  the  coarser  phases  are  also  seen  grains  of  a  darker 
mineral,  which  proves  to  be  au^te,  and  quartz.  However  the 
last  is  not  very  evident  in  h^nd  specimens.  In  some  places, 
noticeably  in  the  N.  W.  i  of  N.  W-  i  section  2,  and  the  prom- 
ontory in  the  S.  W.  i  of  S.  W.  i  section  3,  T.  64  N.,  R.  7  W.,  the 
granite  is  sub-porphyritic  with  feldspar  crystals.  These  phen- 
ocrysts  are  often,  especially  at  their  centres,  of  a  little  lighter 
color  than  the  non-porphyritic  feldspar.  This  granitic  facies 
makes  up  the  main  mass  of  the  granite;  it  varies  little  in 
different  exposures. 

The  granite  porphyry  is  found  only  in  small  isolated  areas  in 
the  clastic  rocks  and  near  the  edge  of  the  area  of  normal 
^anite.  It  is  distinguished  by  its  fine,  usually  aphanitic, 
groundmasG  and  its  decidedly  porphyritic  aspect,  which  is  due 
to  numerous  white  or  flesh  colored  feldspar  phenocrysts  scat- 
tered indiscriminately  through  the  rock  mass.  There  are  also 
minute  short  stout  augite  prisms  and  occasional  brilliant  black 
biotite  scales  to  be  seen  in  the  groundmass.  The  feldspar 
phenocrysts  vary  in  size  in  the  same  hand  specimen  from  almost 
microscopic  dimensions  to  those  ten  or  fifteen  millimeters  in 
length.  The  smaller  ones  are  often  very  closely  crowded 
together  and  are  sometimes  arranged  more  or  less  in  lines  of 
flow.  At  one  locality  these  feldspars  are  very  large  and  con- 
spicuous, sometimes  reaching  a  length  of  over  twenty  millime- 
ters. The  only  exception  to  the  white  or  flesh  color  of  these 
phenocrysts  is  on  the  northern  side  of  the  small  island  in  the 
S.  W.  i  of  N.  W.  i  section  3.  T.  64  N.,  R.  7  W.,  where  the  feld- 
spars are  of  a  reddish  color.  Plate  I,  Pig.  2,  shows  the  ap- 
pearance of  a  pronounced  phase  of  the  granite  porphyry. 
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What  is  termed  the  homblendic  facies  of  the  granite  is  found 
only  in  a  narrow  strip  along  the  south  shore  of  Kekeqiiabic 
lake  in  section  31,  T.  65  N.,  R.  6  W.  It  has  a  fine  grained  gray 
groundmass  whose  constituent  minerals  are  not  readily  dis- 
tinguishable. ,  In  this  are  usually  scattered  small  whitish  sub- 
porpfayritic  feldspars  and  less  evident  black  prisms  of  horn- 
blende. This  rock  is  different  from  the  main  mass  of  the 
granite  in  several  respects,  and  the  writer  does  not  feel  entirely 
satisfied  that  it  is  part  of  the  granite,  but  it  seems  to  be  such 
and  is  placed  here  as  a  hornblende  facies  of  the  granite. 

As  already  mentioned  (pp.  40-41)  the  normal  granite  is  seen 
cutting  a  dark  gray  to  greenish  rock  on  the  small  island  in  the 
N.  W.  i  of  N.  W.  i  section  2,  T.  64  N.,  R.  7  W.  This  rock  has 
a  dull  greenish  groandmass  in  which  are  imbebbed  noticeable 
flakes  of  biotate  and  less  evident  augite  prisms.  Even  in  hand 
specimens  there  are  seen  to  be  certain  areas  of  the  groundmass, 
each  of  which  reflects  the  ligl^t  and  in  which  are  biotite  and 
augite  individuals.  The  rock  i?  consequently  called  the  poi- 
kilitic*  facies  of  the  granite,  but  it  is  possible  that  this  is  not 
part  of  the  granite  mass.  It  is  known  only  from  the  north- 
west side  of  this  small  island. 

A  noticeable  feature  of  the  granite  in  all  its  facies  is  the 
occurrence  of  small  rounded,  subangular  and  angular  areas, 
which  are  sharply  marked  off  from  the  rest  of  the  rock.  They 
vary  from  half  an  inch  to  two  inches  in  diameter,  rarely  being 
larger.  They  are  composed  usually  of  aggregations  of  rather 
coarsely  crystallized  hornblende,  or  augite.  Frequently,  how- 
ever, these  dark  areas  are  fragments  similar  to  the  country 
rocks— argillyte  and  green  schist.  These  more  or  less  rounded 
form  are  very  abundant  in  certain  parts  of  the  hornblende 
granite.  In  fact  in  one  exposure  it  is  almost  impossible  to  find 
any  surface  a  foot  square  which  does  not  contain  one  or  more 
of  them,  and  some  areas  of  tUis  size  Include  as  many  as 
twenty,  t  In  the  granite  propel"  and  the  porphyritic  facies 
these  rounded  forms  are  not  so  abundant,  still  they  are  seen 
rather  frequently.  In  the  former  reports  on  this  granite  these 
forms  have  been  regarded  as  the  remains  of  pebbles  in  a  con- 
glomerate, which  was  considered  to  be  the  original  character 
of  the  rock  now  a  granite.t  It  also  seems  very  possible  to  refer 
some  of  these  forms  to  basic  secretions,  which  are  common  to 

•See  O.    H.    WIllUmH.    On    the  UH   Ot  the  terms  polkllltlo  and  micro polkllltic  In 
petTOgraphr ;  Jouru&l  of  O«olos;.  vol.  l.  no.  £.  pp.  ITS-ITB.  1B9S. 
Kleol.  aad  SU.  History  Survey  ot  MIdu.,  20th  ilS^I)  Ann.  Rept.,  p.  TB,  ISSO. 
tN.  H.  WlDobell.  IblJ.,  IStb  <1M6)  Aon.  Sept..  pp.  S6S.  Xi,  1S87. 
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very  many  granites,  while  others,  on  account  of  their  petro 
graphical  character,  can  be  regarded  as  inclusions  of  frag- 
ments of  the  surrotinding  rocks. 

Chemical. 

Two  analyses  have  been  made— one  of  the  normal  granite 
(I  in  the  table  of  analyses)  and  the  other  of  the  granite  por- 
phyry (II).  It  will  be  seen  that  the  two  facies  agree  quite 
closely  in  chemical  composition  and  that  in  each  the  propor- 
tion of  soda  is  much  larger  than  that  of  potash;  in  the  granite 
proper  the  ratio  of  soda  to  potash  is  1.8:1  and  in  the  granite 
porphyry  2.4:1.  Using  the  term  "soda-granite"  as  a  true 
granite  which  contains  a  larger  amount  of  soda  than  potash, 
this  rock  would  belong  to  the  series  of  soda-granites.  These 
Lave  been  reported  from  several  localities  in  Europe,  but  as 
yet  have  been  rarely  found  in  America.  W.  S.  Bayley"  has 
described  a  granite  which  containsj  large  amounts  of  anortho- 
close  from  Pigeon  Point,  Minnesota,  on  the  north  shore  of 
Lake  Superior;  this  was  found  in  connection  withaquartz- 
keratophyre.  And  N.  H.  Winchell  has  recently  published  ( see 
VI  in  the  table  of  analyses)  an  analysis  of  a  red  granite  from 
Rice  Point,  Duluth,  in  which  the  proportion  of  soda  is  very 

ANALYSES  OF  SO 


I. 

n.        m. 

IV. 

V. 

VI. 

SIO, 

66.84 

67.42        68.00 

70.69 

72.42 

75.78 

TiO, 

0.40 

f,<>r 

tr. 

0.07         

0.20 

Al.O. 

18.22 

15.88        16.18 

15.20 

13.04 

11.09 

2.27 

1.37         3.68 

3.76 

0.68 

2.09 

0.20 

1.14          0.65 

2.47 

MnO 

tr 

0.09 

CaO 

3.31 

3.49          4.05 

3.31 

0.66 

0.86 

MirtI 

0.81 

1.43          0.95 

0.45 

0.58 

0.65 

KO 

2.80 

2.65          2.04 

2.81 

4.97 

,1.06 

Na.O 
H,6 

5.U 

6.42         4.32 

4.69 

8.44 

6.43 

o.<e 

0.05        

0.56 

1.21 

1.82 

Totals  100.05 

99"  92       100.49 

101.07 

100. 37t 

99.78 

large; 

this  rock  is  a  hornblende  granite  of  medium  grain. 

These 

two  soda-granites 

Asoda- 

granite 

■A  quarti-keratophrre  from  Pigeon  Point  and  living'*  auglte  syenites;  i 
ScU  3,  vol.  xxxTll,  pp.  54-«2.  Jan.,  IBSQ. 
tlncIudlDB  itaaea  ol  LijO  uad  Ci  and  0.15  per  cent  ot  BbO. 


>yC00glC 


42  TWENTY-FIBST  ANNUAL   REPORT 

from  Westchester  county,  N.  Y..  has  been  mentioned  by  J.  D. 
Dana*,  but  G.  K.  Wiiliamsf  has  shown  that  this  is  properly  a 
mica  dlorite.   . 

The  analyses  of  both  facies  of  the  granite  under  discussion 
and  of  several  other  soda-granites  are  given  in  the  accompany- 
ing table.  I  is  the  normal  granite  from  Eekequabic  lalce, 
Minnesota;  No.  5516  of  the  Minnesota  Survey  series.  U  Is  the 
porphyritic  facies  of  the  same;  No.  86Q.  Ill  is  a  soda-granite 
from  Donegal,  Ireland.^.  IV  is  the  Aughrim  (Ireland)  soda- 
granite.  §  V  is  the  rock  from  Pigeon  Point,  Minuesota.)  VI 
is  the  red  granite  from  Rice  Point,  Duluth.** 

In  comparison  with  the  last  four  analyses  given  in  the  above 
table  and  other  published  analyses  of  soda-granites,ff  the  rock 
from  Kekequabic  lake  is  seen  to  be  lower  in  theamount  of  silica 
and  usually  higher  in  soda  than  other  granites  of  this  series. 
The  large  proportion  of  soda  finds  expression  in^the  composi- 
tion of  the  augite,  as  well  as  in  that  of  the  feldspar,  as  will  be 
seen  fn  the  analyses  of  these  minerals. 

There  is  reason  to  think  that  soda-granites  will  be  found 
more  extensively  developed  in  the  Lake  Superior  region  than 
has  been  supposed  heretofore.  It  seems  that  some  of  the 
augite  syenites  from  the  Keweenawan,  as  already  suggested  by 
W.  S.  BayleyH,  may  fall  into  this  class,  and  there  are  numerous 
dykes  in  the  Keewatin  of  northeastern  Minnesota,  described 
as  quartz  porphyries  and  syenite  porphyries§§,a  carefulstudy  of 
which  will  probably  show  that  their  feldspar  is  largely  anortho- 
clase. 

'Geologlral  relatione  ol  tbe  llmeatoae  belts  of  .Westoheaterjuouiity,  Maw  Tork; 
Amer.  Jour.  Sol.,  3,  vol.  xx,  p.  198,  Sept.,  1B80. 

tTbe  grUtbroa  md  diorltea  of  the  "Oortlandt  series"  od  the  Hadson  rlrei  near 
Peeksvllle.  M.  Y.;  Amer.  Jour.  Sol.,  3,  vol.  xxxv,  pp.  HS-Ui,  Jane.  1888. 

tS.  HauglitoQ  Experimental  researches  on  the  granite  ot  Ireland.  Pt.  It.  On  the 
jcranltes  and  syenites  ot  Donegal;  with  some  remarks  on  those  ot  Seotland  and 
Swuden:  Qusr.  Jour.  Oeol.  Boa.,  vol.  xx,  p.  Stsa. 

IW.  J.  Solln-i.  Oontrlhutlons  to  a  knowledge  ot  the  sraoltes  ot  Leiiutar;  Trans. 
Royal  Irish  Ao^„  vol.  xxix,  pt.  14,  p.  471, 1891. 

IW.B.Bayley.   Op.ett.,p,X. 
'••N.  H.  Wlaohell.  The  Norlan  of  the  Northwest;  OeoL  and  Nat.  Hist   Bnrvey  ol 
Mltin.,  Bull.  No.  S,  p.  xiilll,  Uas. 

nA.  Gerhard.    Neues  Jalirbuch  t.  Uln.,  Fei.  u.  Pal..  ISft.  It.  pp.  Xl-m. 

nOp.ett. 

H  U.  8.  Orant.  Oeol.  and  Nat.  Htsl.  Sorv«y  of  Ulnn..  !Oth  (1891)  Ann.  Bept,.  pp.  IS. 
48.  to.  H,  57,  G8, 1803. 

As  this  paper  la  going  to  press  two  analyses  ot  acid  Isneoasrockatrom  nortbeast- 
ern  Ulnneaota  have  bean  completed  by  Mr.  A.  D.  Heeds,  Instruotor  In  Obemlstry  la 
the  Onlversltyof  Ulnnesota.  Both  of  these  show  a  considerable  excess  of  soda  over 
potash.    The  analyses  areas  follows: 
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Sfineralogical. 

The  minerals  of  granite  have  been  described  so  frequently 
and  so  exhaustively  that  it  is  not  necessary  nor  advisable  to  at- 
tempt any  complete  description  of  all  the  minerals  composing 
this  granite.  Consequently  only  one  of  them, — the  augite, — 
will  be  spoken  of  in  any  detail,  but  an  analysis  and  specific 
gravity  determinations  of  the  feldspar  are  given.  The  miner- 
als comprising  the  rock  can  be  divided  into  two  classes,  essen- 
tial and  secondary.  In  the  order  of  their  importance  and 
abundance  they  are: 

■  Feldspar  (largely  anor- 

thoclase. )  •  (  Biotite. 

Essential  -  Augite.  Accessory  <  Apatite. 

Quartz.  '  ( Sphene. 

Hornblende. 

As  to  the  time  of  crystallization  they  are  as  follows:  (1) 
Sphene  and  apatite.  These  are  not  found  in  contact  so  that 
nothing  can  be  said  as  to  their  relative  ages;  they  are  both 
older  than  the  other  minerals.  (2)  Biotite.  hornblende  and 
angite.  The  relative  ages  of  these  are  not  clearly  shown,  but 
the  biotite  seems  to  be  the  oldest.  (3)  Feldspar.  The  only 
case  where  this  is  of  as  late  a  crystallization  as  the  quartz  is  in 
the  groundmass  of  tiie  granite  porphyry.  (4)  Quartz.  Later 
than  all  the  others,  excepting  the  feldspar  in  the  case  just 
mentioned. 

Fetdapar. — The  feldspar  is  much  more  abundant  than  any  of 
the  other  minerals;  it  makes  up  half  and  sometimes  at  least 
three  fourths  of  the  rock  mass;  in  the  more  basic  (Byenitic) 
parts  of  the  granite  it  reaches  its  fullest  development  as  re- 
gards amount. 

Orthoclase  is  seen  frequently  in  the  normal  granite  and  is 
very  abundant  in  the  hornblendic  facies,  but  it  never  forms 
phenocrysts.     Over  two  thirds  of  the  feldspar  is  tricllnic;  it 

SlOi     AljOi      TeiO)       FeO      OaO     HgO      K)0      NaiO    H)0    Totals. 

L  W.70  is.'ia  0.6B  a.n  z.is  o.it  i.«e  iM  o.ti  m.m 
n.        a».u      iT.ss  TiT         ^.a      i.i8      o.ti       4.b3     lit      sg.sr 

I  i«  B  quarti  porphyry  (No.  41T0:  aHh  Ann.  Sept..  p.  ST)  troai  a  dyke  In  the 
"greeiutoii(i"of  UiaKuwlBhlwIrlTer,  N.  HN.B.  KftBa.21,  T.  83— lOW.  This  n>ck  has 
■  mlerogrkDltlo  grounduiKss  In  whloh  ar«  large  phenoctysta  at  feldspar  and  quartz; 
a  few  snaU  areas  Slled  with  chlorite  and  epldote  are  present,  but  what  the  orlslnal 
ferra-magneelan  ooDstltaent  was  Is  not  clear. 

II  la  a  choraeterlstlo  specimen  ot  the  Saganaia  granite  {No.  660  O;  10th  Ann. 
Kept.,  p.  Wj  from  Saganaga  lake,  S.  W.  Si  N.  E.  !^  seo.  22,  T.  es-6  W.  This  rook  Is  a 
coarsegrained  hornblende  eraolte. 
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shows  the  usual  polysynthetic  twinning  according  to  the  albite 
law,  and  in  some  cases  the  microcline  structure  is  developed  to 
a  small  extent.  Zonal  structure  in  the  plagioclase  is  quite  com- 
mon, especially  in  the  porphyritic  crystals.  The  feldspar  is 
always  more  or  less  cloudy  due  to  incipient  alteration,  but  the 
resulting  minerals  are  not  usually  discernible,  the  cloudiness 
being  due  to  amorphous  opaque  white  areas;  in  the  orthoclase 
alteration  to  sericite  is  common. 

On  separating  the  powder  of  a  fresh  specimen  of  the  normal 
granite  (No.  551  G  )  by  means  of  Thoulet's  solution  the  larger 
proportion  of  the  feldspar  fell  between  a  specific  gravity  of 
2. 68  and  2.62,  which  would  indicate  that  the  mineral  was  a  mix- 
ture of  the  orthoclase  and  albite  molecules;  and  the  analysis, 
as  here  given,  shows  that  it  belongs  to  the  anorthoclase  series. 

AMALY8I8  OP  FELDBFAS. 


810, 

Al.O, 

Fe,0. 

CaO 

MgO 

K.O 

Na,0 

B,0 

Total 

67.9B 

19.27 

0.82 

0.75 

0.02 

3.05 

6.23 

0.90 

99.03 

It  is  to  be  noticed  that  the  silica  percentage  is  larger  than  is 
required  by  the  amount  of  soda,  potash  and  lime  present.  This 
is  probably  due  to  the  fact  that  a  small  amount  of  quartz  was 
so  intimately  intergrown  with  the  feldspar  that  certain  grains 
of  the  feldspar  powder  contwned  some  quartz.  From  the  anal- 
ysis it  is  calculated  that  this  feldspar  is  an  anorthoclase  with  ap- 
proximately the  composition  Or^  Ab^  Anj. 

The  specific  gravity  of  several  of  the  feldspar  phenocrysts 
of  the  granite  porphyry  was  determined;  it  ranges  from  2.59 
to  2. 60.  This,  together  with  the  analysis  of  the  whole  rock 
(II  in  the  table  of  soda  granite  analyses),  is  sufficient  proof 
that  these  phenocrysts,  which  make  up  about  half  the  rook 
mass,  are  also  anorthoclase. 

Augite. — The  augite  is  the  most  interesting  mineral  in  the 
rock,  as  granites  in  which  this  is  the  chief  ferro-magnesian 
constituent  are  comparatively  rare.  Augite  makes  up  from 
five  to  twenty  per  cent  of  the  whole  rock  and  in  the  majority  of 
sections  is,  besides  the  feldspar  and  quartz,  about  the  only 
mineral  present.  It  reaches  its  best  development  and  is  found 
in  the  least  altered  condition  in  the  granite  porphyry;  accor- 
dingly the  description  of  this  mineral  will  be  confined  mostly 
to  that  occurring  in  this  porphyry  on  the  promontory  at  the 
southwest  corner  of  section  29,  T.  65  N.,  R6  W.,  where  this 
facies  of  the  granite  is  seen  in  its  best  and  most  characteristic 
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development.  (Nos.  866  and  1094  of  the  Mitmesota  Survey 
serieB. ) 

The  augite  occurs  in  short  stout  prisms,  whose  length  is  half 
a  millimeter  or  less;  rarely  larger  crystals,  one  to  three  milli- 
meters in  length  are  seen.  The  crystals  are  generally  com- 
pletely idiomorphic,  but  occasionally  the  terminal  planes  are 
lacking,  or  are  very  poorly  developed.  The  prismatic  planes 
are  the  unit  prism,  the  orthopinacoid  and  the  clinopinacoid. 
The  terminal  faces,  which  are  usually  present,  are  the  basal 
plane  and  the  orthodone  P  m  while  the  unit  pyramid  and  a  clin- 
odome  can  sometimes  be  recognized,  but  usually  there  is  a  ten- 
dency to  a  rounding  off  of  the  edges  basal  plane  and  the  ortho- 
dome  P^.  The  cleavage  is  well  developed  in  thin  sections 
and  parting  is  usually  not  seen,  but  in  one  case  (see  Fig.  4 )  it 
is  quite  noticeable.  An  attempt  was  made  to  measure  the  an- 
gles on  some  of  the  larger  augite  crystals  detached  from  the 
rock,  but  the  faces  gave  such  imperfect  reflections  that  no  sat- 
isfactory results  were  obtained. 

In  transmitted  light  the  augite  is  of  a  bottle  green  color,  but 
there  are  parts  of  some  crystals  which  are  colorleis  and  entire 
colorless  individuals  are  sometimes  seen.  A  slight  pleochroism 
is  to  be  noticed  in  many  sections,  a  and  b  being  bottle  green 
and  not  distinguishable  from  each  other,  while  c  is  a  yellowish 
green.     The  absorption  is  a— b>C. 

Zonal  structure  is  rather  common;  in  such  cases  the  core  of 
the  crystal  is  usually  colorless,  or  of  a  lighter  green  than  the 
outer  rim.  The  colorless  centres  occasionally  pass  gradually 
into  the  icolored  rims,  but  generally  the  two  are  separated  by  a 
pretty  distinct  line.  The  outlines  of  these  colorless  cores  are 
irregular  and  are  seldom  parallel  to  any  crystallographic 
planes.  The  cleavage  lines  run  uninterruptedly  from  one  part 
of  the  crystal  to  another,  and  in  -  sections  cut  parallel  to  the 
zone  of  the  ortho-axis  the  extinction  direction  of  both  parts  of 
the  crystal  are  parallel,  but  in  sections  which  are  inclined  to 
the  ortho-axis,  the  extinction  directions  are  differedt  in  the  two 
parte  of  the  crystal.  Moreover,  in  one  section,  cut  parallel  to 
the  clinopinacoid,  parting  parallel  to  the  basal  plane  is  seen, 
and  this  runs  straight  through  the  colored  rim  and  the  colorless 
core.  From  these  facts  it  is  seen  that  the  two  parts  of  the  crys- 
tal have  the  same  crystallographic  axes,  i.  e.  are  parallel 
growths,  but  that  the  axes  of  optical  elasticity,  excepting  the 
one  coincident  in  direction  with  the  ortho-axis,  do  not  have  the 
same  directions  in  the  two  parte  of  the  crystal. 
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The  green  crystals  and  rims  have  a  lower  index  of  refrac- 
tion, lower  double  refraction  and  a  smaller  extinction  angle 
than  the  colorless  augite,  (the  extinction  angle  measured  being 
that  between  a  and  c  in  acute  angle  b).  The  dark  green  crys- 
tals are  more  pleochroic  than  the  lighter  ones,  and  the  color- 
less ones  show  no  pteochroism.  These  facts  indicate  that  the 
green  crystals  and  rims  contain  more  of  the  acmite  molecule 
than  the  colorless  parts.  (That  the  augite  contains  a  consid- 
erable amount  of  the  acmite  molecule  is  shown  by  the  analysis 
given  below. ) 

The  extinction  angle  of  the  colorless  augite  in  sections  par- 
allel V>  the  clinopinacoid  runs  as  low  as  37°,  although  usually 
higher  than  this;  this  is  an  angle  of  53°  as  the  extinction  of 
augite  is  usually  measured,  ^  e.  c  to  c  in  obtuse  angle  b.     In 


Fig.  3.  Dtagrkm  ahowlns  the  relkUve 
posltloaa  ot  the  oryatallt^r&phlc  and 
optical  axes  la  the  Ereen  and  colorleaa 

the  green  crystals  and  rims  a  is  inclined  about  22°  to  c,  but  in 
one  section  it  is  as  low  as  18".  The  positions  of  the  axes  of 
elasticity  with  reference  to  the  crystallographic  axes  are  shown 
in  the  accompanying  tigure;  the  axes  of  elasticity  of  the  color- 
lew  variety  being  represented  by  the  lighter  dotted  lines. 
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While  in  the  zonal  crystals  there  are  usually  only  two  parts, 
which  are  of  different  optical  orientation,  in  a  few  there  are 
more  than  two  such  areas.  To  illustrate  parallel  growths  ol 
this  kind  the  following  figure  (4)  is  introduced.     It  shows  part 


I/. 


of  a  large  crystal  of  augite  cut  parallel  to  the  clinopinacoid. 
The  extinction  and  outlines  of  the  difFerent  parts  are  repre- 
sented rather  diagrammatically,  as  the  different  zones  are  not 
always  separated  by  a  sharp  line.  The  lines  a  a  represent  the 
parting  parallel  to  the  basal  plane.  The  extinction  angles 
given  are  those  of  a  against  c.  The  large  central  part  of  the 
crystal  is  colorless  and  the  rest  is  greenish;  the  small  irregular 
area  with  an  extinction  of  18°  is  yellowish  green  and  distinctly 
pleochroic. 

A  typical  fresh  specimen  of  the  porphyritic  granite  was 
powdered  and  the  angite  separated  and  analyzed.  This  augite 
is  fresh  and  unaltered  and  the  powder  used  ( which  has  a  higher 

DG,lze<!!:;,^.l 
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Specific  gravity  tiian  S)  is  quite  pure,  as  in  this  specimen  of  the 
granite  the  only  other  minerals  present  were  feldspar  and 
quartz  with  a  few  minute  fibers  of  secondary  hornblende.  The 
analysis  is  here  given.  Assuming  that  this  represents  an  iso- 
morphous  mixture  of  the  diopside,  heddenbergite.  acmite  and 

ANALYSIS  OF  ADGITB. 
SiO,    Al.O,    Fe.O,    FeO    CaO    MgO    K,0    Na.O    H.O     TotaL 
53.19       2.38        9.25       6.16    17.81      9.43      0.38       2.63      O.OI       100.23 

fassaite  molecules  and  calculating  their  relative  proportions  we 

get  approximately  the  following  result: 

DiopsJde,  Mg  Oa  Si.O, 47  per  cent. 

HeddeDberglte,  CaFeSI»0, ; 27    "      " 

Acmite,  NaFeSl.O. 21    "      " 

Faasalte,  Mgc  Al,  SIO, 5    "      " 

In  the  considerable  percentage  of  the  ocomite  molecule  this  au- 
gite  approaches  in  composition  the  pyroxene  of  the  more  alkar 
line  roclts,  the  eleolite  syenites.*  This  analysis  very  probably 
represents  quite  well  the  usual  composition  of  the  green  angite, 
as  the  proportion  of  zonal  crystals,  with  colorless  centres,  and 
entire  colorless  crystals  is  small.  The  colorless  augite  is  very 
similar  to  that  of  the  well  known  augite  granite  from  Laveline 
in  the  Voges. 

Quartz. — This  mineral  does  not  play  as  important  a  part  in 
the  rock  under  consideration  as  it  does  in  most  granites.  It 
rarely  forms  more  than  a  fourth  of  the  rock  mass,  and,  while 
usually  more  abundant  than  the  augite  in  the  normal  granite,  it 
is  not  always  so.  Quartz  occurs  in  small  irregular  areas  in  the 
granitic  facies  of  the  rock,  and  often  shows  undulatory  extinc- 
tion and  sometimes  has  been  slightly  fissured.  It  is  never 
found  in  phenocrysts  in  either  facies  of  the  granite,  and  in  the 
granite  porphyry  is  only  in  minute  grains  in  the  groundmass. 

Hornblende. — Original  hornblende  is  found  only  in  the  hom- 
blendic  facies  of  the  granite  and  in  one  exposure  of  the  granite 
porphyry.  Here  there  are  some  cross  sections  which  show  the 
characteristic  planes  of  a  hornblende  cross  section,  but  in  some 
cases  it  seems  to  be  secondary.  The  hornblende  is  of  the 
usual  green  variety. 

•Ot.  A.  Merlan.  Studlen  an  gestelDBblldeiideii  Prroxauea;  Neuos  Jahrboch  t. 
HId..  Pel,  u.  Pal.,  B.B.  III.  pp.  Sfili-SlS,  188S. 
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Secondary  hornblende  is  of  quite  universal  occurrence  in  all 
facieB  of  the  granite.  It  has  usually  developed  in  small  green 
fibers,  which  penetrate  the  rock  in  all  directions,  and  is  fre- 
quently seen  in  fibrons  growths  aroond  the  ends  of  the  augltes 
and  sometimes  replaces  whole  crystals  of  this  mineral  with  a 
fibrous  aggregate.  Where  the  rook  has  been  much  altered  the 
hornblende  often  occurs  in  delicate  sheaths  of  fibers  much  re- 
sembling those  figured  by  G.  H.  Williams*  in  certain  altered 
greenstones. 

Aoceasory  minerals. — Sphene  and  apatite  occur  in  small 
amounts  in  the  normal  granite  and  in  the  granite  porphyry; 
the  apatite  is  in  short  stont  prisms  rather  than  in  elongated 
ones.  Biotits  occurs  in  some  sections  of  the  granite  porphyry 
and  in  a  few  cases  is  quite  abundant;  it  is  in  small  flakes  usually 
surrounded  by  magnetite  grains.  Biotite  is  very  common  in 
the  poikilititic  facies  of  the  granite. 


Structural. 

The  different  facies  of  the  granite  already  spoken  of, — the 
normal  granitic,  the  porphyritic,  the  homblendic  and  the  poikil- 
itic, — are  characterized  by  structural  differences. 

The  normal  granite  is  usually  of  a  truly  granitic  texture,  but 
in  some  cases .  there  are  two  generations  of  feldspars,  the  first 
being  mostly  idiomorphic,  although  not  generally  very  sharply 
separated  from  the  second  generation  as  regards  size.  Occa- 
sionally there  is  a  slight  tendency  for  the  fieldspars,  when  in 
only  one  generation,  to  assume  a  partially  idiomorphic  form. 

The  porphyritic  facies  has  already  been  mentioned  as  char- 
acterized by  numerous  large  and  small  phenocrysts  of  feldspar 
and  smaller  ones  of  augite.  The  groundmass  as  a  rule  makes 
up  much  less  than  half  of  the  rock  and  is  composed  of  a  micro- 
granitic  aggregate  of  quartz  and  feldspar.  The  latter  mineral 
is  not  usually  polysyuthetically  twinned  and  thus  would  seem 
to  be  orthoclase. 

The  homblendic  facies  Is  characterized  not  only  by  the  pres- 
ence of  original  hornblende,  but  also  by  the  almost  universal 
tendency  of  the  feldspars  to  assume  an  idiomorphic  development- 
Thislattercharacter  is  perhaps  more  striking  than  the  presence 
of  hornblende. 

•D.  S,  Oeol.8urrer,  Bull.  No,  62,  pi.  XVI,  fig.  1,  ISMK 
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The  poikilitic  faciee  of  the  granite  is  strictly  an  augite-biotite 
syenite,  as  no  quartz  is  present.  The  rock  is  composed  of  large, 
irregular,  interlocking  areas  of  feldspar,  in  which  are  imbedded 
numerous  biotite  scales  and  colorless  to  greenish  augite  prisms, 
thus  forming  a  very  beautiful  example  of  the  poikilitic  struc- 
ture. In  this  case  it  is  noticeable  that  the  grains  and  crystals 
of  varying  optical  orientation  included  in  an  optically  contin- 
uous area  of  feldspar  are  of  two  species  instead  of  one,  as  is 
usually  the  case  in  rocks  which  show  the  poikilitic  structure. 
The  feldspar  areas  are  often  a  quarter  of  a  inch  across  and  can 
be  distinctly  seen  in  hand  specimens.  A  more  careful  and  de- 
tailed study  of  this  peculiar  rock  would  probably  bring  out 
facts  of  interest. 


THE   ORIGIN  OF  THE  GRANITE. 

In  the  reports  on  the  geology  of  the  re^on  about  Kekequabic 
lake  the  granite  has  been  regarded  as  of  metamorphic  origin. 
This  has  been  maintained  by  N.  H.  and  A.  Winchell,  and  from 
their  reports  ii  would  seem  that  their  ideas  are  as  follows:  The 
granite  is  a  result  of  the  recrystallization  in  situ,  under  condi- 
tions of  partial  or  complete  aqueo  igneous  fusion,  of  the  sedi- 
mentaries  of  the  region, — the  graywackes  and  conglomerates. 
The  more  or  less  rounded  foreign  pieces  in  the  granite  are  the 
original  pebbles  of  the  conglomerate.  The  granite  was  in  some 
plpoes  plastic  enough  to  allow  it  to  be  intruded  into  the  sur- 
rounding rocks,  but  this  intrusion  was  only  very  local  and 
limited  in  extent,  and  the  intrusive  rock  was  not  moved  tar 
from  its  original  place.  The  main  mass  of  the  rock  has  not 
been  moved  at  all,  but  is  simply  portions  of  the  graywackes 
and  conglomerates  altered  in  situ.  There  are  gradations  from 
the  granite  to  these  clearly  clastic  sediments  and  the  granite  is 
not  sharply  marked  ofE  from  the  surrounding  rooks,  except  in 
the  few  places  where  it  has  been  intruded  into  them. 

The  facts,  which  are  urged  as  sustaining  the  above  idea  as  to 
the  origin  of  the  granite,  seem  to  be  four  in  number,  as  follow: 
(1)  Presence  of  ancient  but  partially  obliterated  lines  of  sedi- 
mentation in  the  granit«.  (2)  Presence  of  pebble  forms  in  the 
granite.  (3)  Transitions  from  the  granite  to  the  clastic  rocks. 
(4)  Presence,  in  the  immediate  vicinity,  of  altered  clastic  rocks 
resembling  the  granite. 
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Id  regard  to  the  presence  of  old  lines  of  sedimentation  in  the 
granite,  or  anything  to  suggest  such  lines,  the  writer  can  only 
say  that  he  has  been  unable  to  see  any  such,  although  he  has 
carefully  searched  for  them.  In  fact  he  has  seen  no  structures 
in  the  granite  which  could  be  referred  in  any  way  to  old  lines 
of  sedimentation. 

That  there  are  numerous  rounded,  sub-angular  and 
angular  pebble-like  forms  in  the  granite  has  already  been 
stated.  These  are  more  abundant  near  the  edge  of  the  granite 
mass  and  in  the  small  bosses  of  granite  porphyry;  this  is  a 
significant  fact  and  agrees  well  with  the  explanation  that  many 
of  these  foreign  pieces  are  inclusions  of  the  country  rock.  In 
fact  chere  is  just  as  much  reason,  (to  the  writer  there  seems 
more,)  for  assuming  that  these  pebble-like  form  are  basic 
secretions  in  the  granite,  or  are  inclusions  of  the  country  rock, 
as  there  is  for  assuming  them  to  be  the  remains  of  pebbles  in 
an  altered  conglomerate. 

Two  apparent  transitions  from  the  granite  to  a  seemingly 
sedimentary  rock  have  already  been  mentioned  (page  37).  In 
the  field  these  transitions  could  be  traced  quite  well,  but  the 
rock  Into  which  the  granite  graded,  while  resembling  the  sedi- 
ments of  the  region,  still  could  not  be  proved  to  be  a  clastic 
rock.  A  microscopical  examination  of  thin  sections  of  a  series 
of  specimens  taken  to  Illustrate  these  transitions  shows  that 
the  apparent  sedimentary  end  of  the  series  and  also  all  parts 
of  it  reveal  no  evidence  of  an  original  clastic  nature,  in  fact 
their  characters  are  those  of  fine  grained  portions  of  the  granite. 
The  conglomerate  and  graywacke,  into  which  the  granite  has 
been  supposed  to  grade,  show  in  thin  section  undoubted  clastic 
characters,  and  in  all  the  sections  examiued  there  is  no  occa- 
sion to  confuse  these  rocks  with  the  granite. 

A  mile  to  the  east  of  Kekequabic  lake  are  found  small  areas 
of  altered  elastics,  which,  in  some  characters,  resemble  the 
granite.  Here  the  remains  of  sedimeotary  planes  are  visible, 
and  the  rock  in  hand  specimens  and  in  sections  is  seen  to  be 
somewhat  similar  to  the  granite,  especially  as  regards  degree 
of  crystallization.  Bock  like  this  is,  however,  not  found  in  a 
position  intermediate  between  the  elastics,  from  which  it  is 
derived,  and  the  granite,  as  would  be  expected  to  be  the  case 
And  it  is  well  known  that  beds  of  certain  altered  elastics 
(gneisses)  often  closely  resemble  in  hand  specimens  and  in 
sections  the  granites  which  cut  them,  but  this  resemblance  is 
no  proof  that  the  two  rocks  are  of  like  origin  and  are  parts  of 
the  same  mass.  DgiizBcrvCiOOJjIc 
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From  the  above  it  will  be  seen  that  the  arguments  for  the 
derivation  of  the  granite  from  the  elastics  of  the  region  are,  to 
say  the  least,  rather  unsatisfactory.  Indeed  the  facts  seem  as 
susceptible  of  explanation  on  the  idea  tiiat  the  granite  is 
eruptive  as  that  it  is  a  part  of  the  altered  elastics.  Moreover, 
there  are  other  facts  which  point  very  strongly  toward  the 
eruptive  origin  of  the  granite. 

CTontacts  have  been  described  (page  37)  which  show  that,  at 
least  at  these  localities,  the  granite  plays  an  eruptive  role. 
Here  the  granite  has  come  into  its  present  position  in  relation 
to  the  country  rocks  since  their  deposition,  and  it  penetrates 
them  in  irregular  dykes,  and  In  one  place  includes  undoubted 
fragments  of  the  rock  with  which  it  comes  in  contact.  Where 
contacts  of  the  granite  with  the  surrounding  rocks  occur  the 
latter  have  been  somewhat  altered,  although  not  very  greatiy, 
and  a  mass  of  the  argillite  enclosed  in  the  granite  is  rendered 
gneissoid  near  its  edges.  Contact  metamorphism  is,  however, 
not  very  marked.  At  these  contacts  the  grain  of  the  granite  is 
finer  than  at  a  short  distance  from  the  contract  line. 

That  the  granite  is  of  a  different  character  from  the  sur- 
rounding rocks  is  well  shown  by  the  ease  with  which  it  is 
separated  from  them.  In  no  place  has  a  gradation  from  any 
of  the  sedimentary  rocks  to  the  granite  been  established.  la 
the  field  it  has  been  possible  to  map  the  limits  of  the  granite 
much  more  accurately  and  easily  than  any  of  the  sedimentary 
rocks,  the  accuracy  of  the  outlines  of  the  granite  depending 
only  on  the  number  of  exposures  to  be  found.  No  rocks  inter- 
mediate in  position  or  character  between  the  granite  and  the 
elastics  have  been  observed  iu  the  area  mapped.  The  sharp- 
ness with  which  the  granite  is  everywhere  separated  from  the 
surrounding  rocks  is  best  seen  where  the  porphyritic  facies 
comes  in  contact  with  or  is  seen  near  the  dark  argillytes.  This 
fact  that  the  granite  is  everywhere  so  sharply  and  so  distinctly 
separated  from  the  surrounding  elastics  is  a  very  weighty 
proof  that  it  is  not  a  part  of  these  elastics. 

It  is  easy  to  imagine  sediments  buried  so  deeply  and  under 
such  conditions  of  pressure  and  temperature  in  the  presence  of 
water  that  they  would  be  converted  into  completely  crystalline 
aggregates.  We  have  many  such  instances,  and  it  is  undoubt- 
edly true  that  many  gneisses  were  formed  in  this  way,  but  here 
it  is  to  be  noticed  that  a  degree  of  crystallization,  as  complete 
as  in  granites,  is  often  attained  without  the  obliteration  of  cer- 
tain structural  planes  in  the  rock, — 1.  e.  there  are  rapid  alter- 


>y  Google 


STATE  GEOLOGIST-  53 

nations  of  bands  of  different  chemical  and  mineralogical  com- 
poeltaon  which  are  very  distinctly  separated  from  each  othfer. 
Here  there  seems  to  have  been  practically  no  interchange  be- 
tween different  parts  of  the  mass.  But  if  we  assume  that  the 
granite  under  consideration,  in  which  there  are  no  alternation 
of  bands  of  different  composition,  is  of  like  origin,  it  seems 
necessary  to  jissume  that  the  fusion  (if  this  word  may  be  usedj 
was  BO  complete  that  the  mass  took  on  a  uniform  composition 
throughout,  for  it  is  hardly  conceivable  that  a  mass  of  sedi- 
ments which  shows  a  section  three  and  a  half  miles  long  by  two 
wide  should  be  of  a  uniform  composition  throughout  and  that 
this  mass  should  be  sharply  separated,  both  along  and  across 
the  strike,  from  sediments  which  do  show  this  variation  in  com- 
position. Moreover  it  seems  impossible  that  a  mass  which  has 
been  so  complete  altered  in  situ  should  be  so  sharply  separ- 
ated from  the  rocks  from  which  it  is  supposed  to  have  been 
formed  and  which  still  show  their  original  clastic  characters. 
Again,  it  seems  impossible  that  the  pebbles  in  a  mass,  which 
has  been  so  profoundly  altered  and  in  which  there  has  been  so 
complete  an  interchange  between  its  different  parts,  should 
not  have  been  entirely  obliterated,  instead  of  still  retain- 
ing their  own  individuality.  (It  is  to  be  noticed  that  the  pres- 
ence of  so-called  pebble  forms  is  the  chief  point  urged  for 
considering  the  K^anite  as  altered  sediments.)  When  fusion 
has  gone  so  far  as  to  allow  a  complete  interchange  of  material 
between  the  various  parts  of  the  rock  and  an  entire  oblitera- 
tion of  all  differences  in  composition  between  its  various  parts, 
and  when  such  a  rock  is  allowed  to  cool  and  crystallize  as  a 
holocrystalline  mass,  it  is  but  a  simple  disagreement  in  terms 
that  cause  such  a  mass  to  be  citlled  anything  but  a  truly  igne- 
ous rock;  and  if  such  a  mass  is  moved  from  its  original  po- 
sition and  forced  into  other  rock  it  is  truly  eruptive  in  its  na- 
ture and  origin. 

It  is  not  necessary  here  to  consider  the  question  concerning 
the  origin  of  granites  in  general;  that  question  is  almost  as  old 
as  geology  itself;  it  dates  from  the  times  of  Werner  and  Hut- 
ton,  and  Uie  writer  can  not  presume  to  discuss  it.  Nor  is  it 
necessary  to  say  anything  for  or  against  the  idea  that  some  of 
the  pre-Oambrian  granites  and  granitoid  gneisses  may  repre- 
sent fused  portions  of  ancient  and  very  deeply  buried  rocks. 
But  it  can  be  stated  that  there  seems  to  be  abundant  evidence 
that  the  Eekequabic  granite  shows  no  indication  that  it  is  an 
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altered  sediment,  that  it  \a  not  part  of  the  elastics  of  the  region 
altered  in  eitu,  but  that  it  is  truly  eraptiTe  in  its  origin  and 
nature,  that  it  has  broken  through  the  surrounding  rocks  in  & 
truly  eruptive  manner,  and  that  throughout  its  whole  extent 
now  exposed  to  us  it  is  sharply  separated  from  the  surround- 
ing elastics  and  is  of  later  date  than  these. 

It  might  be  well  to  state  tliat  when  the  writer  began  the 
study  of  this  granite  area  and  two  others  in  northeastern  Min- 
nesota he  was  inclined  to  the  view  that  these  granites  were  the 
altered  elastics  of  the  region,  but  even  1>efore  the  field  work 
was  completed  and  before  the  microscopic  stndy  of  the  rocks 
was  liegun,  he  was  forced  to  abandon  this  idea. 
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CHAPTER  IV. 


THE  HORNBLENDE  PORPHYRYTE. 

The  field  relations  of  this  rock  have  as  yet  been  only  partially 
studied,  and  the  extent  of  the  surface  occupied  by  it  has  not 
been  very  accurately  defined.  For  these  reasons  no  complete 
discussion  of  this  rock  is  now  possible,  and  the  time  available 
.  in  the  preparation  of  this  paper  does  not  allow  of  a  very  detailed 
petrographical  description,  although  quite  a  complete  set  of 
specimens  showing  the  different  phases  of  the  rock  have  been 
collected. 

The  porphyryte  is  known  from  only  one  locality  in  the  area 
studied,  and  is  confined  to  a  belt  of  not  more  than  a  quarter  of 
a  mile  in  width  which  curves  around  the  southwestern  end  of 
Epsilon  lake.  The  enrface  covered  by  this  rock  is  about  one- 
fourth  of  a  square  mile  in  extent;  it  is  confined,  with  the  excep- 
tion of  a  few  acres  in  the  S.  W.  i  of  S,  E.  i  section  20,  to  the 
N.  i  section  29,  T.  65  N.,  R.  6  W.  However  a  sample  of  this 
rock  is  noted  by  N.  H.  Winchell  from  Mallmann's  peak*,  which 
is  on  the  north  side  of*  Kekequabic  lake  in  the  S.  E.  i  of  section 
30,  T.  65  N.,  R.  6  W.  The  writer  has  been  unable  to  find  any 
porphyryte  in  situ  at  this  place,  and  has  since  learned  that 
Prof.  Winchell  did  not  visit  Mallmann's  peak  personally,  but 
that  the  specimen  was  brought  to  him  by  one  of  his  guides.  It 
is,  however,  qilite  possible  that  other  areas  of  porphyryite  will 
be  found  in  sections  29  and  30,  T.  65  N.,  R.  6  W.,  between 
Kekequabic  and  Knife  lakes.  The  single  specimen  noted  by 
Prof.  Winchell  has  been  figured  and  described  microscopically 
by  M.  E.  Wadsworthf. 

The  porphyryte  has  ^so  been  briefly  described  by  A.  Winch- 
ell.J  who  called  it  a  purple  porphyry,  ia  his  account  of  the 
geology  of  Epsilon  lake. 

*aeol.and  Nut.  Hlst-ISurv.  ot  Ulau ,  lOcb  (ISei)  Add.  R«pt..  pn.aH-Oi,  1382.      Rock 
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Dr.  Wadsworth's  description  is  as  follows:  "The  sectiODhas 
a  greenish  gray  groundmass,  holding  yellowish  brown  crystals 
of  hornblende,  epidote  and  greenish  psendomorphs  of  chlorite. 
The  hornblende  is  of  the  usual  foreign  character  io  the  ande- 
sitic  rocks,  having  been  attacked  by  the  molten  magma,  which 
has  torn  and  eaten  into  the  hornblende,  that  has  its  edges 
blackened  and  rendered  magnetic  by  the  heating  and  corroding 
effects.  Some  of  the  hornblendes  here  have  been  broken  and 
faulted,  and  blackened  on  the  broken  sides,  others  retain  only 
a  small  portion  of  hornblende  in  the  interior,  while  others  are 
reduced  to  a  heap  of  opacite  or  magnetite  grains.  The  chlorite 
pseudomorphs  are  composed  of  plates  and  scales  of  chlorite 
with  some  epidote,  but  whether  they  are  pseudomorphs  after 
hornblende  or  augite  the  writer  can  not  determine.  The  epi- 
dote is  in  small  crystals  and  crystal  aggregations  of  a  pale 
yellowish  color,  with  pleochroism  varying  from  colorless  to  a 
pale  yellow  and  to  a  deeper  yellow.  The  epidote  is  here  an 
alteration  product,  and  is  commonly  associated  with  the 
chlorite.  The  groundmass  is  altered  and  is  now  composed  of 
chlorite  scales,  partially  altered  augite  microlites  and  grannies, 
magnitite  grains  .(disseminated  through  the  entire  ground- 
mass),  feldspar,  microlites,  fibrous  material,  etc.,  all  replacing 
the'usual  felty  base  of  the  andesjtes  with  its  inclosed  materials. 
Here  the  augite,  feldspar  and  magnetite  are  original,  and  the 
rest  secondary.  •  •  •  The  rock  itself  is  an  altered  and  old 
andesyte  of  the  variety  known  as  porphyryte  or  homblende- 
porphyryte  amongst  lithologists.  This  andesyte,  in  its  orig- 
inal condition,  would  be  called  by  most  lithologists  a  horn- 
blende andesyte."  * 

The  single  section,  which  was  accessible  to  Dr.  Wadsworth 
when  his  description  was  written,  is  more  or  less  altered  and 
does  not  clearly  show  the  original  nature  of  the  groundmass. 
Other  sections  of  the  less  altered  rock  show  that  the  ground- 
mass  is  composed  of  interlocking  laths  of  feldspar, — sometimes 
the  feldspar  has  a  tendency  towards  a  granular  development,— 
as  stated  below. 

Macroscopically  the  porphyryte  is  seen  to  have  an  aphanitic 
groundmass,  which  varies  in  color  from  a  reddish  purple  to  a 
dull  olive  green;  the  freshest  and  more  abundant  phases  show 
the  purple  color.  In  this  groundmass  are  sharply  outlined 
shining  black  crystals  of  hornblende  and  also  irregular  green- 
ish areas,  in  and  around  which  are  frequently  small  bright  yel- 

•Ibid.,  BuU.  No.  S,  pp.  lSt-13S. 
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low  Spots  and  small  white  spots.  Under  the  microscope  the 
groundmass  is  seen  to  be  made  up  entirely  of  small  short  inter- 
lacing laths  of  feldspar.  In  some  sections  the  groundmass 
becomes  coarser  and  there  is  a  decided  tendency  towards  a 
granidar  development  of  the  feldspar.  Although  polysynthetio 
trimming  is  common,  still  some  of  the  feldspar  does  not  show 
it  and  seems  to  be  monoclinic  in  character;  that  there  is  con- 
siderable orthoclase  in  the  roclc  is  also  indicated  by  the  per- 
centage of  potash  in  the  analysis.*  The  feldspar  is  undergoing 
alteration  and  is  filled  with  small  inclusions  and  minute  fibers 
which  sometimes  appear  to  be  sericite.  The  rock  is  crowded 
with  dust-like  particles,  to  which  perhaps  is  due  its  purple 
color.  Therokseems  to  have  been  but  one  period  of  crystalliza- 
tion for  the  feldspar,  phenocrysts  of  this  mineral  being  entirely 
absent.  In  all  the  slides  examined  there  is  no  unindividualized 
glassy  matter  to  he  seen. 

The  hornblende  is  of  the  usual  brown  basaltic  variety,  but 
the  pleochroism  is  not  as  Intense  as  in  most  basaltic  horn- 
blendes; fX  is  light  straw  colored,  b  is  yellowish  brown  and  c  is 
olive  brown.  The  rays  vibrating  parallel  to  if  and  c  are 
not  very  unlike.  The  absorption  formula  is  K'=b>>a  or 
r>J»>>(*-  The  hornblende  is  all  porphyritic  in  character, 
the  individual  crystals  l>eing  from  one  to  five  millimeters  in 
length.  Each  phenocryst  is  usually  surrounded  by  a  dark 
corrosion  rim. 

The  dull  greenish  areas  seen  in  hand  specimens  are  found  to 
1)6  aggregates  of  chlorite  scales,  sometimes  with  a  radial  ar- 
rangment.  It  is  evident  that  some  of  this  chlorite  is  an  altera- 
tion product  of  the  hornblende.  But  most  of  the  chlorite  areas 
give  no  evidence  as  to  their  origin.  In  one  section  a  core  of 
pyroxene  was  seen  in  a  chlorite  area,  and  it  is  possible  that  many 
of  these  chlorite  areas  represent  old  augite  phenocrysts;  how- 
ever, they  do  not  show  the  characteristic  outlines  of  augite 
crystals,  bnt  are  usually  irregular.  Even  if  all  of  these  chlorite 
areas,  which  are  not  clearly  alteration  products  of  hornblende 
crystals,  represent  original  augite  individuals,  the  hornblende 
would  still  he  in  excess  of  the  augite.  So  the  rock  is  called  a 
hornblende  porphyryte,  although  it  perhaps  originally  was  an 
augite  hornblende  porphyryte. 
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The  yellow  spots  in  and  aronnd  the  chlorite  areas  are  second- 
ary epidote,  often  in  the  form  of  minate  spheres.  And  small 
white  spots  of  calcite  are  also  seen. 

The  analysis  of  the  porphyryte  is  as  follows: 

SiO,  Al.O,  P.O.  Fe.O,  FeO  CaO  MgO  K,0  Na.O  H.O  Total. 

60.32  15.80  0.12  5.42  0.80  4.«5  5.08  1.82  4.09  1.67  9».8e. 
In  the  porphyryte  have  been  seen  a  few  fragments  of  rock 
similar  to  the  graywacke  of  the  region,  and  at  its  contact  with 
the  surrounding  rock  the  former  is  finer  grained  than  is  usual, 
but  it  does  not  seem  to  have  alter^  the  rocks  with  which  it 
comes  in  contact.  It  seems  very  probable  that  this  mass  of 
porphyryte  is  a  part  of  the  same  magma  which  produced  the 
volcanic  tufi  about  Kekequabic  lake,  but  that  it  solidified  before 
reaching  the  surface,  and  at  present  we  have  no  knowledge  in 
this  region  of  a  surface  flow  of  rock  similar  to  the  tuff. 


EXPLANATIOS  OF  PLATES. 


Fig.  1.    Cascade  between  Bpsllon  and  Knife  lakes. 
Ffg.  2.    PyroxeDe  granite  porphyry,  with  unusnally  lai^e  phenocrysts  of 
feldspar.    (No.  776  O.)   Tbiee-fourths  natural  size. 


Geological  map  of  Kekequabic  lake  and  vicinity,  Lake  Co.,  Minn.    The 
figures  in  the  lakes  show  their  bight  above  sea  level. 


>y  Google 


,Coogle 


,Coogle 


,Coogle 


,Coogle 


STATE  GEOLOGI8T. 


CATALOGUE   OF  ROCK   SPECIMENS   COLLECTED 
IN  NORTHEASTERN  MINNESOTA  IN  1892 


BY  ULVSSES  SHERMAN  ORAST 


This  list  is  a  contiuuatiou  of  that  ending  on  page  110  of  the 
20th  (1891)  Annual  Report.  Most  of  the  specimens  have  not 
been  examined  since  they  were  collected,  so  the  designations 
may  not  always  be  correct.  The  terms  "greenstone"  and 
"mnscovado"  are  applied,  according  to  the  field  usage  of  the 
Snrvey,  to  certain  rocks  which  have  not  as  yet  been  closely 
studied.  In  giving  localities  the  township  is  always  north,  and 
the  range  is  always  west  of  the  Fourth  Principal  meridian. 

785.  Muscovado  near  gabbro  contact.  S.  £.  i  [8.  E.  i  S. 
W.  i  sec.  32,  T.  64^7,  island  in  Thomas  lake. 

736.  Coarse  biotitic  gabbro.  S.  i  sec.  18,  T.  64-6.  north 
shore  of  Marble  lake. 

737.  Muscovado.     N.  i  N.  W.  i  sec.  7,  T.  64-6. 

738.  Altered  conglomerate.     S.  i  8.  W.  i  sec.  6,  T.  64-6. 

739.  Matrix  of  altered  conglomerate.  S.  W.  i  S.  E.  i  sec.  1, 
T.  64-7. 

740.  Matrix  of  altered  conglomerate.  N.  W.  i  N.  E.  i  sec. 
12,  T.  64-7. 

741.  Pine  gabbro.     N.  J  N.  E.  i  sec.  12,  T.  64-7. 

742.  Metamorphosed  matrix  of  altered  conglomerate.  N. 
W.  i  N.  W.  i  sec  7,  T.  64-6. 

743.  Compact  gray  argillyLe.     E.  i  S.  E.  i  sec.  1,  T.  64-7. 
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744.  Greenstone  band  in  altered  slate.  N.  W.  i  S.  B  i  sec. 
1,  T.  64-7. 

745.  Altered  slate.    Same  locality. 

746.  Pyroxene  granite  near  contact  with  slate.  N.  W.  1  8. 
E  i  sec,  1.  T.  64-7. 

747.  Gray  slate  near  granite  contact.     Same  locality. 

748.  Pyroxene  granite.     N.  W.  i  S.  E.  i  sec.  1,  T.  64-7. 

749.  Pyroxene  granite  near  contact  with  slate.  N.  E.  i  S.  B. 
i  sec.  1,  T.  64-7. 

750.  Feldspathic  vein  rock  in  slate.  N.  E.  1  S.  E.  i  sec.  1. 
T.  64-7, 

751.  Hardened  slate.    Same  locality. 

752.  Pine  biotite  rock.  S.  i  N.  W.  i  sec  12,  T.  64-7,  port- 
age running  northeast  from  Shoofly  lalce. 

753.  Vitreous  quartzyte  carrying  more  or  less  magnetite, 
near  gabbro  contact     N.  i  N.  W.  i  sec.  20,  T.  64-6. 

7M.  Gabbro  near  contact  witb  guartzyte.     Same  locality. 

755.  Purple  syenite.     S.  W.  J  N.  E.  i  sec.  34,  T.  68-6. 

756.  Diorite.  Probably  in  the  N.  W.  i  N.  W.  i  sec.  12,  T. 
62-6. 

□  757.     Very  coarse  gabbro.     Probably  in  the  N.  E.  i  S.  W. 
i  sec.  12,  T.  62-6,  bay  on  north  side  of  Syenite  lake. 

758.  Brick  red  syenite.  Probably  in  the  S.  W.  i  sec  12,  T. 
62-6,  north  side  of  Syenite  lake. 

759.  Fine  grained  dark  syenite.  Probably  near  the  centre 
of  the  N.  i  sec.  13,  T.  62-6,  east  shore  of  Syenite  laka 

760.  Fine  grained  pinkish  syenite.  Probably  near  the  cen- 
tre of  sec.  13,  T.  62-6,  east  shore  of  Syenite  lake. 

761.  Fine  grained  pinkish  syenite.  Probably  in  the  N,  W. 
i  sec.  24,  T.  62-6,  southeast  shore  of  Syenite  laka 

762.  Fine  grained  gray  syenite.  Probably  in  the  S.  W.  i 
see.  24,  T.  62-6,  southeast  shore  of  Syenite  lake. 

763.  Fine  grained  gray  syenite.  Probably  in  the  S.  W.  i 
sec.  12,  T.  62-6.  island  in  north  part  of  Syenite  lake. 

764.  Volcanic  tuff.  N.  E.  i  S.  E.  i  sec.  34,  T.  65-7,  island 
in  Kekequabic  lake. 

765.  Dark  slate  near  contact  with  pyroxene  granite  por- 
phyry. E.  A  S.  W.  i  sec.  34,  T.  65-7,  point  on  nordi  side  of 
Kekequabic  lake. 

766.  Dark  slate  and  pyroxene  granite  porphyry  In  contact 
Same  locality. 

767.  Green  schist.  N.  E.  i  S.  W.  i  sec.  35,  T.  65-7,  island 
near  north  shore  of  Kekequabic  laka 
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768.  Greenish  graywacke.  S.  W-  i  N.  B.  i  sec.  33.  T.  65-7, 
bay  on  north  side  of  Plum  lake. 

769.  Compact  carbonate  rock.  N.  E.  i  S.  W.  ^  sec.  33,  T. 
65-7,  west  en^  of  Plam  lake. 

770.  Volcanic  tufE.  N.  E.  i  sec.  35,  T.  65-7,  top  of  hiU  on 
north  side  of  Kekequabic  lake. 

771A  to  771F.  Pyroxene  granite  from  an  exposure  which  is 
broken  into  parallel  sheets.  S.  E.  i  S.  W.  i  sec.  2.  T.  64-7, 
west  side  of  point  on  south  shore  of  Kekequabic  lake. 

772.  luterbanded  green  slate  and  dark  red  jaspilyte.  Near 
center  of  N.  W.  i  sec.  35,  T.  65-7,  southeast  comer  of  Pickle 
lake. 

773.  Medium  grained  diabase.  N.  W.  i  S.  E.  i  sec.  26,  T. 
65-7,  south  shore  of  Spoon  lake. 

774.  Pyroxene  granite-  N.  E.  i  sec.  1,  T.  64-7,  summit  of 
rid^ south  of  Kekequabic  lake. 

775.  Coarse  diabase.  S.  E.  i  S.  W.  i  sec.  29,  T.  65-6.  top  of 
hill  on  north  shore  of  Kekequabic  lake. 

776.  Pyroxene  granite  porphyry  with  large  feldspar  pheno- 
crysts.  N.  W.  J  S.  W.  i  sec.  31,  T.  65-7,  just  south  of  Keke- 
quabic lake. 

776A.  Pyroxene  granite  within  three  inches  of  porphyry 
contact.     Same  locality. 

777.  Pyroxene  granite.     Same  locality. 

777A.  Pyroxene  granite  porphyry  within  six  inches  of 
granite  contact     Same  locality. 

778.  Granite  and  granite  porphyry  in  contact.  Same 
locality. 

778A.  Altered  argillyte.  S.  E.  J  S.  W.  J  sec.  31,  T.  65-6, 
south  of  Kekequabic  lake. 

778B.     Argillyte.     Same  locality. 

779.  Pyroxene  granite.     Same  locality, 

779A.     Pyroxene  granite  with  dark  feldspars.   Same  locality. 

780.  Sericitie  argillyte.     Same  locality. 

781.  Hornblende  granite  (?).  N.  E.  J  S-  W-  i  section  31,  T. 
65-6,  just  south  of  Kekequabic  lake. 

782.  Pyroxene  granite.    Same  locality. 

783.  Hornblende  granite  (?).  Near  center  of  section  31,  T. 
65-6,  just  south  of  Kekequabic  lake. 

783A.     Rock  fragments  from  same.     Same  locality. 
78iA  and  "84B.    Altered  grit.    Probably  near  center  of  E.  i 
section  82.  T.  65-6. 
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785.     Altered  grit  with  red  jaspilyte  fragments.  Probably  in 
8.  E.  i  section  32,  T.  65-7,  east  shore  of  small  lake. 
788.    Pyroxene  granite  porphyry.    Same  locality. 

787.  Conglomerate.  S.  W.  i  N.  W.  J  section  81,  T.  65-6, 
south  shore  of  Kek equabic  lake. 

788.  Pyroxene  granite  porphyry  near  graywacke  (f).  S.  W. 
J  S.  W.  i  section  29,  T.  65-6,  north  shore  of  Kekequabic  lake. 

788A  to  788C.     Rock  intermediate  between  788  and  788D. 
Same  locality. 
788D.    Graywacke  (?).    Same  locality. 

789.  Porphyritic  metamorphosed  conglomerate.  S.  W.  \  N. 
E.  ^  section  28,  T.  65-6,  north  side  of  narrows  of  Zeta  lake. 

790.  Gabbro  near  contact  with  guartzyte.  N.  E.  ^  N.  E.  J 
section  34,  T.  65-5. 

791.  Muscovado.  N.  E.  i  N.  E.  J  section  34,  T.  65-5,  north 
side  of  stream. 

792.  Grayish  purple  hornblende  porphyryte.  North  line  of 
section  29,  T.  65-6,  south  shore  of  Epsilon  lake. 

793  and  793A.  Purple  hornblende  porphyryte.  N.  W.  i  N. 
E.  i  sec.  29,  T.  66-6,  hill  on  shore  of  Epailon  lake. 

793B.  Decayed  dolomyte  {?).  S.  E.  i  S.  W.i  sec.  20.  T.  65-6, 
west  shore  of  Epsilon  laka 

794.  Green  porphyryte  at  contact  with  slate.  S.  W.  j-  S.E.  i 
sec.  20,  T.  65-6,  west  side  of  little  bay  on  south  shore  of  Epsi- 
lon lake. 

794A.     Porphyryte  near  contact  with  slate.     Same  locality. 
794B.     Greenish  slate  at  porphyryte  contact.     Same  locality. 

795.  Graywacke  from  inclusion  in  porphyryte.  8.  E.  i  N. 
W.  i  sec.  29,  T.  65-6,  between  Epsilon  and  Beta  lakes. 

796.  Green  porphyryte  near  contact  with  slate.  Same  lo- 
cality. 

797.  Typical  purple  hornblende  porphyryte.  N.  E.  i  S.B.J 
N.  W.  i  see.  29,  T.  65-6,  south  end  of  Epsilon  lake. 

798.  Coarse  diabase  from  centre  of  large  dyke.  Near  south 
line  of  sec.  20,  T.  65-6,  between  Epsilon  and  Knife  lakes. 

798A.     Pine  diabase  from  small  dyke.     Same  locality. 

799.  Coarse  diabase.  Near  centre  of  N.  J  sec.  7,  T.  65-6, 
northwest  comer  of  Amoeba  lake,  at  the  portage.  , 

800.  Flinty  black  slate  showing  lamination.  N.  W.  j-  S.  E.:^ 
N.  E.  i  sec.  7,  T.  65-6,  north  shore  of  Amoeba  lake. 

801.  Coarse  grit  holding  black  fragments.  S.  E.  i  N.  E.  J 
sec.  7,  T.  65-6,  north  shore  of  Amooba  lake. 

801A.     Black  fragments  from  same.    Same  locality. 
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802.  Fine  grained  laminated  graywacke.  N.  E.  ^8.  E.  i 
sec.  7,  T.  65-6,  island  in  Amoeba  lake. 

803.  Flinty  slate  showing  conchoidal  :fracture.  N.  E-  i  N. 
B.  t  sec.  18,  T.  65-6,  west  side  of  bay  of  Amoeba  lake. 

804.  Carbonaceous  (?)  slate.  N.  W.  i  N.  E-  i  sec.  8,  T.  65- 
6,  east  shore  of  small  bay. 

805.  Volcanic  tuff  (?).  Near  north  line  of  sec.  9.  T.  65-6. 
southeast  shore  of  lake. 

806.  Greenish  tuff  (?)  graywacke.  W.  ^  N.  E.  i  sec.  9,  T. 
65-6,  Boutli  east  shore  of  lake. 

807.  Green  volcanic  ash  (?).  N.  E.  i  S.  W.  i  sec.  3,  T.  65-6, 
west  shore  of  lake. 

808.  Greenish  slate  and  graywacke  showing  lamination. 
Same  locality. 

809  A  and  809  B.  Gray  argillyte.  N.  W.  i  N.  W.  i  sec.  2, 
T.  65-6,  east  side  of  lake. 

810.  Coarse  graywacke.  N.  E.  i  S.  B.  i  sec.  3,  T.  65-6,  south 
end  of  island. 

811.  Breccia.  S.  E.  i  N.  W.  i  sec.  10.  T.  65-6,  near  north 
end  of  portage. 

812.  Green  volcanic  ash  ( ?).  S.  B.  t  S.  W.  i  sec.  8,  T.  65-6, 
west  shore  of  lake. 

812  A.  Green  schist.  S.  f  N.  E.  i  sec  2.  T.  65-6,  north  shore 
of  lake. 

813.  Grit.     S.  W.  i  sec.  1.  T.  65.6. 

814.  Conglomerate.  N.  W.  i  N.  W.  i  sec.  1,  T.  65-6,  west 
shore  of  lake. 

814  A.  Coarse  hornblende  granite  from  boulder  in  the  con- 
glomeiBte.     Same  locality. 

814  B.  Various  pebbles  from  the  conglomerate.  Same  lo- 
cality. 

814  C.  Green  pebbles  from  the  conglomerate.  E.  i  8.  E.  i 
sec.  35,  T.  66-6,  west  shore  of  lake. 

815.  Peculiar  light  gray  graywacke.  S.  ^  S.  W.  i  sec.  10, 
T.  65-6,  north  shore  of  Knife  lake  at  portage. 

816.  Breccia.  N.  W.  i  8.  W.  i  sec.  10,  T.  65-6,  top  of  steep 
hill. 

817.  Conglomerate.    N.  E.  i  N.  E.  i  see.  10,  T.  65  6. 
617  A.     Pebbles  from  conglomerate.     Same  locality. 

817  B.  Variolyte  { ?)  pebbles  from  conglomerate.  Same 
locality. 

818.  Coarse  grit  showing  sub  porphyrytic  white  feldspars. 
E.  J  8.  E.  i  N.  E.  i  sec.  34,  T.  66-6,  west  side  of  point  in  lake 
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819.  The  same.  S.  W.  i  N.  W.  i  N.  W.  J  sec.  35.  T.  66-8. 
point  on  west  shore  of  lake  Avis. 

620.  Coarse  grit  holding  elongated  gray  pebbles.  N.  W.  { 
N.  E.  1  sec.  34,  T.  66-6.  point  on  north  shore  of  lake. 

821  and  821A.  Contact  of  Oglshke  conglomerate  andgranite. 
N.  E.  i  S.  E.  i  sec.  7,  T.  65-5,  west  of  West  Sea  Gull  lake. 

822.  Greenstone.  Near  centre  of  S.  E.  J  sec.  >,  T.  65-5. 
west  of  West  Sea  Gull  take. 

823.  Dark  green  schist  N.  line  of  sec.  22,  T.  65-5,  a  short 
distance  E.  of  the  N.  W.  corner  of  the  section. 

,824.  Gray  porphyrytic  rock.  A  short  distance  E.  of  the 
last. 

825.  Pink  granite.  N.  line  of  sec.  22.  T.  65-5.  i  mi.  E.  of 
the  N.  W.  corner  of  the  section. 

826.  Granite.     A  short  distance  E.  of  the  last. 

827.  Chloritic  granite.  N.  line  of  sec.  22.  T.  65-5,  E.  of  the 
J  post. 

827  A  and  827  B.     Quartz-porphyry  ( ? ).     Same  locality. 

828.  Granite  in  contact  with  greenstone.  E.  line  of  sec.  23, 
T.  65-5.  about  J  mi.  N.  of  the  i  post. 

829  and  829  A.  Greenstone  near  granite  contact  Same  lo- 
cality. 

829  6.  Greenstone  holding  a  few  quartz  grains.  A  short 
distance  S.  of  the  last. 

829  C.  Greenstone.  E.  line  of  sec.  28,  T.  65-5.  about  i  mi. 
N.  of  the  i  post;  top  of  high  ridge. 

829  D.    Very  coarse  greenstone.    Same  locality. 

829  E.  Coarse  greenstone.  E.  line  of  sec.  23.  T.  65-5,  at  the 
J  post, 

830.  Greenstone  containing  purple  areas.  W.  line  of  sec. 
23,  T.  65-5,  S.  of  the  i  post. 

831.  Fine  grained  syenite.     Same  locality. 

832.  Light  purplish  graywacke.     Same  locality. 

833.  Gray  porphyritic  rock.  W.  line  of  sec  26,  T.  65-5,  a 
short  distance  S.  of  the  N.  W.  corner  of  the  section. 

834.  Greenstone  with  hornblende  crystals  and  pebble  forms, 
W.  line  of  sec.  26,  T.  65-5.  N.  of  the  i  post 

835.  Grit.     S.  line  of  sec.  21,  T.  65-5,  W.  of  the  i  post 

836.  Diabase.     N.  line  of  sec.  21,  T.  65-6.  W.  of  the  i  post 

837.  Altered  camptonyte  (?).  S.  W.  i  N.  W.  t  seo.t2.  T. 
65-5,  N.  W.  shore  of  Cucumber  island.  Sea  Gull  lake. 

888.     Greenstone.     N.  W.  i  sec.  20,  T.  65-B. 
839,    Granite  with  vein  of  chalcedonic  (?)  silica.     [See:  "Geo- 
logical age  of  the  Saganaga  syenite",  by  H.  V.  Winchell;  Amer. 
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Jour.  Sci.,  vol.  xli.,  pp.  386-390.  May,  1891.]  This  specimen  is 
from  the  vein  described  in  this  article.  N.  E.  i^  S.  W.  i  sec.  12, 
T.  65-4,  Granite  river,  at  east  end  of  portage. 

840.  Greenstone,  Sec.  1,  T.  64-6,  west  shore  of  Gabimich- 
igama  lake. 

840A.  Greenstone  holding  magnetite.  S,  W.  ^  S.  B.  ^  sec.  1, 
T.'64-6,  west  shore  of  Oabimichigama  lake. 

&41.  Coarse  gabbro.  S.  W.  i  S.  W.  i  sec.  1,  T.  64  6,  west 
end  of  Gabimichigama  lake. 

841A,  Coarse  biotite  muscovado.  S  i  S.  W.  i  sec.  1,  T.  64-6, 
north  side  of  bay  of  Gabimichigama  lake. 

842.  Diabase  from  centre  of  dyke.  N.  i  N,  i  sec  12.  T. 
64-6,  north  side  of  point  in  Gabimichigama  lake. 

842A.  Fine  diabase  from  edge  of  dyke,  with  gabbro 
attached.     Same  locality. 

843.  Pine  gabbro  ( ?).  S.  E.  i^  S.  E  i  sec.  1.  T.  6t-6,  north 
side  of  small  bay  of  Gabimichigama  lake. 

844.  Heavy,  dark,  biotitic  band  in  the  quartzyte.     S.  W.  J  S.   - 
£.  \  section  1,  T.  64-6,  east  shore  of  Gabimichigama  lake. 

845.  Light  gray  muscovado.  N.  ^  S.  W.  J  section  1,  T.  64-6, 
south  shore  of  Gabimichigama  lake. 

845A.    Yellow  muscovado.    Same  locality. 

846.  Quartzyte  with  magnetite  and  much  amphibole.  Near 
line  between  ranges  6  and  7,  T.  64,  south  shore  of  (Jabimich- 
igama  lake. 

847.  Mtiscovado  from  fragment  in  gabbro.  S.  W.  J  N,  W.  J 
section  6,  T.  64-5,  island  in  Gabimichigama  lake. 

848.  Pyroxene  from  gabbro.  S.  E.  J  S.  W.  J  section  32,  T. 
65-5,  east  shore  of  Gabimichigama  lake. 

849.  Red  granite  from  vein  in  gabbro.  N.  W.  i  N.  E.  J  sec- 
tion 6,  T.  64-5,  island  in  Gabimichigama  lake. 

850.  Muscovado  from  the  gabbro.  8-  W.  J  S.  W.  J  section 
1,  T.  64-6. 

851.  Gabbro  consLsting  almost  entirely  of  plagioclase.  S. 
E.  J  N.  E.  J  section  16,  T.  64-5,  east  shore  of  Little  Saganaga 
lake. 

852.  Pine  granite  from  dyke  in  gabbro.  E.  i  section  16,  T. 
64-5,  east  t>hore  of  Little  Saganaga  lake. 

853.  Diabase  from  dyke  in  gabbro.  N.  E.  ^  N.  E.  J  section 
24,  T.  64-6,  portage  leading  southwest  from  Little  Saganaga 
lake. 

854.  Quartz  gabbro.  8.  E.  i  S.  W.  J  section  12,  T.  64-6, 
southwest  shore  of  small  lake.  ^-  i 
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854A.     Coarse  grained  quartz  gabbro.     Same  locality. 

855.  Muscovado.  W.  line  of  section  9,  T.  64-5,  a  short  dis- 
tance from  the  N.  W.  comer  of  the  section. 

856.  Muscovado.     N.  W.  J  S.  E.  i  section  22,  T.  64-5. 

-857.  Typical  fresh  muscovado.  The  targe  faces  of  the  speci- 
men are  parallel  to  the  "bedding".  Near  line  between  sec.  2, 
T.  64-5  and  sec.  35,  T.  65-5,  northeast  shore  of  bay  of  Basbi- 
tanakneb  lake. 

857 A.  Typical  fresh  muscovado.  A  few  rods  north  of  the 
last. 

857B.  Decaying  muscovado.  The  large  faces  of  the  speci- 
men are  parallel  to  the  '  'bedding".    Same  locality. 

858.  Olivine  gabbro  showing  a  gneissic  structure.  N.  E.  i 
N.  W.  i  sec.  11,  T.  64-5,  south  shore  of  Bashitanakueb  lake. 

859.  Olivine  gabbro.  N.  i  S.  E.  i  sec.  8.  T.  64-5,  north 
shore  of  Bashitanakueb  lake. 

859A.  Nodules  rich  in  olivine  and  magnetite,  from  the  gab- 
bro.   Same  locality. 

860.  Bather  coarse  grained  fresh  muscovado.  S.  W.  i  S.  £. 
i  S.  W.  i  sec.  86,  T.  65-5,  south  shore  of  Muscovado  lake. 

861.  Reddish  granite.  N.  E.  i  S.  W.  i  sec.  3,  T  64-5,  south 
shore  of  lake. 

862.  Quartzyte  showing  fine  laminae.      N.  i  sec.  S4,  T.  65-5. 

863.  Muscovado  showing  banding.     N.  i  sec.  2,  T.  64-5. 

864.  Green  schist.    S.  side  of  S.  E.  J  S-  E.  i  sec  21.  T.  65-4. 
864A.    Fine  grained  quartzyte  band.    Same  locality. 

864B.     Magnetite  band.    Same  locality. 

865.  Fine  grained  greenstone.  N.  E.  i  S.  E.  i  section  24,  T. 
65-5,  south  shore  of  lake. 

865A.  Greenstone  at  contact  with  syenite  porphyry.  S.  E. 
comer  of  N.  E.  i  8.  W.  J  sec  24,  T.  65-5. 

866.  Syenite  porphyry.    Same  locality. 

866A.  Syenite  porphyry  at  contact  with  greenstone.  Same 
locality. 

867.  Greenstone.  W.  i  S.  W.  i  sec.  30,  T.  65-4,  portage 
east  from  Flying  Cloud  lake. 

868.  Greenstone.  N.  W.  i  S.  W.  \  sec.  30,  T.  65-4.  north 
shore  of  lake. 

869.  Coarse  mottled  greenstone.  S.  W.  J  N.  W.  i  sec.  30,  T. 
65-4,  north  end  of  portage. 

870.  Schistose  greenstone.  The  large  tlat  surface  is  paral- 
lel to  the  schistose  structure.  S.  E.  J  N.  W.  J  sec  30,  T.  65^, 
south  side  of  lake. 
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871.  Gabbro  ten  feet  from  contact     N.  E.  i  N.  E.  i  S.  E. 
\  sec.  30,  T.  65-4,  south  shore  of  stream. 

671A.     Gabbro  within  eighteen  inches  of  contact.      Same 
locality. 
671B.     Gabbro  within  two  inches  of  contact.     Same  locality. 

872.  Gray  biotite  rock.     Near  north  line  of  set.  31,  T.  65-4. 
west  side  of  Gaiter  lake. 

873.  Fine  gabbro  within  100  feet  of  contact  with  quartzyte. 
W.  i  N.  W.  i  S.  W.  i  sec.  29,  T.  65^. 

874.  Porphyritic  diabase.     S.  W.  J  N.  E.  J  see.  29,  T.   65-4. 
jQst  north  of  Akeley  lake. 

874A.  Diabase  from  contact  at  top  of  sheet.  Same  locality. 
S74B.  Diabase  from  contact  at  bottom  of  sheet.  Same  locality. 
874C.    Quartzyte  at  contact  with  diabase.    Same  locality. 

875.  Greenstone.    S.  W.  J  N.  E.  J  see.  29,    T.  65-4,  just 
north  of  the  workings  at  Akeley  lake. 

876.  Gray  rock  holding  graphite.    S.  W.  i  N.  E.  J  sec,  2b, 
•  T.  65-4,  Paulson's  camp. 

876A.    The  same  at  gabbro  contact.     Same  locality. 

877.  Pine  grained  gray  quartzyte.  E.iS.  W.  Jsec.  21.  T.65-4. 
876,    Greenstone.    Same  locality. 

879.  Fine  quartzyte  banded  with  magnetite.    Same  locality. 

880.  Magnetitic  iron  ore.  Near  center  of  N.^sec.  28,  T.  65-4. 

881.  Coarse  vitreous  quartzyte.     S.  W.  i  N,  W.  i  sec  28, 
T.  65-4. 

882.  Peculiar   dark   micaceous  part  of  quartzyte.     N.  i  S. 
W.  i  N.  E.  i  sec.  28,  T.  65-4. 

883.  Gabbro.      E.  line  of  sec.  27,  T.  65^.  north  of  the  i  post. 

884.  Fine  gabbro.    S.  E.  i  N.  E.  J  sec.  29,  T.  65  4. 

885.  Coarse  olivine  gabbro.    S.  W.  J  N.  E.  J  sec.  28.  T.  654, 
south  shore  of  small  lake. 

885  A.     Gabbro  very  rich  in  olivine.    Same  locality. 

886.  Fine  diabase.     S.  E.  J  S.  E.  i  sec.  22,  T.  654. 

887.  Nickel  ore.     S.  W.  i  N.  W.  i  N.  W.  J  sec.  27,  T.  654. 

888.  Garnetiferons  band  in  green  slates.    Just  N.  of  the  S  J 
post  of  sec.  22.  T.  654. 

889.  Diabase  from  dyke.     Just  S.  of  the  N.  E.  comer  of  sec. 
22,  T.  654.  ' 

889  A.     Fine  diabase  from  edge  of  dyke.    Same  locality. 

890.  Gray  qnartzyte.     About  J  mi.  S,  of  the  N.  E.  corner  of 
sec.  22,  T.  65-4. 

891.  Porphyritic  diabase.    S.  E.  i  S.  E.  i  sec.  22,  T.  65  4. 

892.  Gray  quartzyte  band  from  the  slates.     Same  locality. 

893.  Diabase  from  dyke.  Cross  river,  S.  line  of  sec  27.  T.  6^^qq|c 
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PEELIMINAKY  EEPOET  OF  A  RKCONNOISANCE 
IN  NORTHWESTERN  MINNESOTA  IN  1892. 

BY  J.  E.  TODD. 

ITINERARY. 

Having  prepared  an  outtit,  consisting  of  a  covered  spring 
wagon  and  span  of  ponies,  and  secured  an  experienced  assist- 
ant, Mr.  Arthur  W.  Chase  of  Hastings.  I  left  Minneapolis  July  ' 
7,  1892. 

We  proceeded  by  the  main  road,  up  the  west  bank  of  the 
Mississippi  to  Little  Falls,  there  crossed  and  continued  on  the 
opposite  side  to  Brainerd,  arriving  July  12th. 

Pursuant  to  correspondence  with  Mr.  S.  A.  Shellabarger  and 
Mr.  Pett«ngill,  both  of  Staples,  1  went  by  rail  to  that  point.  I 
there  investigated  reported  Snds  of  petroleum,  found  them  mis- 
taken, and  with  the  latter  gentleman  visited  some  "curious 
mounds,"  on  sections  9  and  16,  T.  132,  33;  they  were  clearly  an 
"osar"  half  a  mile  long  and  30  to  50  feet  high. 

Returning  to  Brainerd,  I  prepared  for  camping,  and  pro- 
ceeded to  Leech  lake  by  the  main  trail,  via.  Pine  River  and 
Hackensack  post  offices.  Of  necessity  1  returned  to  the  latter 
point,  sec.  19,  T.  140,  30,  and  thence  went  nearly  due  west  to 
Park  Rapids.  Thence  northwest  to  the  county  line  which  we 
followed  quite  closely  to  lake  Itasca,  then  down  its  east  side 
to  its  outlet,  where  we  procured  a  boat  and  visited  the  south- 
west head  of  the  lake  and  photographed  its  inlets  and  Elk  lake. 

From  Itasca  we  kept  a  north  course,  fording  the  Mississippi 
at  Dutch  Fred's  crossing,  on  to  Mike  Spain's,  sec.  29,  146,  35. 
After  making  a  short  trip  about  three  miles  northwest,  we  fol- 
lowed the  trail  to  lake  Bemidgi,  crossing  the  Little  Missis- 
sippi on  see-  16, 146,  35,  Grant  creek  on  or  near  sec.  29,  147,  34, 
and  lake  Bemidgi  upon  the  circular  bar  formed  by  the  inflow- 
ing Mississippi.     From  Carson's  trading  por^t  on  the  south 
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shore  of  the  lake,  we  retraced  our  course  six  or  seven  miles, 
then  struck  north  by  a  trail  to  N.  E.  cor.  sec.  26,  148,  34.  and 
thence  a  little  south  of  west  to  Bagley  Dam,  sec.  31,  148,  35,  on 
Clearwater  river. 

After  taking  a  foot- trip  about  six  miles  southwest  from  there, 
nearly  to  the  Little  Mississippi,  we  went  on  down  the  west 
bank  of  the  Clearwater  to  Clearwater  Lake  dam,  sec.  12,  149, 
36.  Thence  we  made  a  trip  to  Red  Lake  Agency,  going  by  the 
"Little  Rock  road"  and  retarning  by  the  "Sugar  Camp  road." 
The  two  coincide  as  far  as  Sandy  river.  A  foot  trip  was  also 
taken  about  two  miles  south  from  the  Agency.  We  reached  the 
Agency  July  28.  After  returning  to  Clearwater  lake  dam  we 
took  the  old  trail  lo  Fosston  via.  How's,  sec.  4,  147,  37,  and 
Popple,  sec.  22,  147,  38. 

From  Fosston  we  went  on  past  Mcintosh,  "Bucktown,"  Lam- 
bert and  Badger,  west  to  sec.  1,  T.  150,  45,  thence  south  Cwo 
miles,  then  east  and  north  to  Red  Lake  Falls.  Thence  to  Thief 
River  Falls,  where  finding  that  we  could  not  take  a  short  course 
to  Jadis,  we  went  by  Excel  and  Bokke's,  sec.  22,  156,  45,  to  the 
"Pembina  trail."  crossed  Middle  river  near  the  S.  E.  .corner 
of  T.  157,  46,  and  the  Tamarac  near  the  middle  of  the  north 
line  of  the  same,  we  soon  got  on  to  the  "Jadis  ridge"  which 
we  followed  over  40  miles  nearly  to  that  point.  Prom  Jadis 
we  took  our  tesan  to  sec.  15,  T.  162,  39,  where  we  left  it  and 
taking  a  guide  made  our  way  on  foot  to  the  mouth  of  War 
Road  river  on  Lake  of  the  Woods,  arriving  Aug-  9th.  Next 
day  we  hired  an  Indian  with  his  canoe  to  take  us  past  Rocky 
point  and  two  or  three  miles  northeast  to  a  bare,  rocky  island 
which  for  convenience  we  will  call  Cormorant  island  because 
we  found  a  score  or  more  of  cormorant  nests  upon  it 

Prom  this  our  farthest  point  we  retraced  our  former  course 
as  far  3b  the  Tamarac  river,  at  Nelson's,  sec.  14,  158,  46,  be- 
cause there  was  no  other  practicable.  From  that  point  we 
went  to  Stephen  by  the  stage  route,  and  from  there  southeast 
to  a  road  running  east  from  Argyle,  which  we  followed  past 
Bokke's,  Humboldt,  Ingalls  and  Breese  postofflces  to  sec.  11, 
T.  157,  42,  where  I  left  my  team,  and  went  on  foot  five  or  six 
miles  east  over  marshy  ground  to  the  southern  side  of  Thief 
lake.  We  then  proceeded  directly  past  Holt  and  Excel  post- 
offices.  Thief  River  Palls,  St.  Hilaire,  Red  Lake  Palls  and 
Lambert,  to  sec.  19,  T.  150,  40;  thence  south  about  four  miles, 
whence  several  short  trips  were  taken  on  foot  to  explore  an 
old  channel,  and  thence  southeast  to  Fosston. 
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From  that  point  by  the  usual  trail  to  White  Earth  Agency 
and  on  south  past  Richwood  to  Detroit,  where  I  took  the  train 
for  Minneapolis,  Aug.  27th,  leaving  Mr.  Chase  to  bring  on  the 
team. 


SKETCH  OF  OBSERVATIONS  AND   RESULTS. 

I  was  furnished  with  aneroid,  compass,  &eld  glass  and 
camera.  Opportunity  for  extensive  views  were  rare  and  over 
much  of  the  way  departure  from  the  regular  trail  very  labo- 
rioufi,  and,  therefore,  seldom  attempted.  Opportunities  for  in- 
terviewing old  settlers,  surveyors  and  "cruisers,"  were  dili- 
gently eonght,  and  frequently  led  to  valuable  information. 

1.  Exposures  of  Older  Socks. — North  of  Little  Falls  no  ex- 
posure of  "bed-rock"«nywhere  was  found  except  at  theextreme 
limit  of  our  journey,  in  Lake  of  the  Woods.  At  Rocky  point, 
showing  nearly  a  mile  along  its  west  side  and  extending  I  was 
told  several  miles  east,  finely  glaciated  knobs  rose  like  whale- 
backs  5  to  15  feet  above  the  water  level.  Cormorant  island, 
covering  perhaps  half  an  acre  and  rising  15  feet  above  the 
water,  and  a  few  small  islands  south  of  it  were  composed 
entirely  of  such  rocks  eroded  a  very  little  by  the  lake.  The 
level  of  the  lake  was  about  six  feet  higher  than  a  short  time 
before  because  of  a  dam  placed  across  its  outlet  at  Rat  Port- 
age, as  I  was  informed. 

The  rock  at  Cormorant  islaTid  and  the  northern  part  of 
Rocky  point  is  a  dark  magnetic  gabbro  as  it  would  appear  on 
macroscopic  examinattoo.  It  was  found  so  highly  magnetic 
that  no  reliance  could  be  placed  on  the  compass.  The  needle 
would  swing  all  round  the  circle  within  a  few  feet  if  held  three 
or  four  feet  above  the  surface  of  the  rock,  and  a  mass  of  about 
a  dozen  cubic  inches  would  hold  the  needle  placed  by  it,  in  any 
position. 

This  rock  is  in  places  coarse  grained  and  porphyritic.  Upon 
Cormorant  island  it  exhibited  a  striped  appearance  of  flowing' 
lines  of  light  and  dark,  shading  into  one  another. 

Joining  this  dark  rock  upon  the  southwest  is  a  fine  grained 
pinkish  gray  granite,  the  intersecting  plane  between  them  be- 
ing nearly  perpendicular. 

I  met  at  Red  lake  a  settler  by  the  name  of  Wm.  Kasson 
who  told  me  that  there  was  an  exposure  of  dark  hard  rock, 
rising  a  few  feet  above  the  south  fork  of  Battle  river,  on  or 
near  sec.  36,  152,  30. 
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AzioLher  settler  who  had  been  a  quarrymaii  said  that  ten 
miles  west  of  where  Badger  creek  eaters  the  "Big  muskeg," 
near  the  center  of  Kittson  county,  he  dug  down  four  feet  be]ow 
the  surface  and  found  limestone  four  feet  square  without 
seams,  how  much  more  extensive  he  did  not  discover.  Not 
far  away  on  a  ridge  he  saw  flaky  layers  of  limestone,  tipped. 

At  Ked  Lake  Falls  a  well  had  been  bored  over  400  feet. 
From  the  statements  of  the  borer,  Mr.  Anderson,  the  follow- 
ing section  is  made; 

1.  47  ft  Lacustrine  clay,  much  of  it  laminated. 

2.  47-112  feet.  Clay  with  small  stones.  Water  struck  in 
limited  quantity  at  47  feet. 

3.  112-816  feet.  Sand  and  gravel  cemented  above  the  water 
for  several  feet. 

Struck  water  at  118  feet  and  313.    The  last  rose  up  to  47  feet. 

4.  316-407.     Clay  without  grit    Could  bore  50  feet  a  day. 
No.  4  is  without  doubt  preglacial  and  possibly  part  of  No.  S. 
Mr.  J,  C.  O'Brien  of  Red  Lake  Falls  informed  me  that  there 

are  rock,  ledges  along  most  of  the  course  of  Rainy  river;  that 
Rapid  river,  which  is  a  large  stream,  has  a  branch  running 
nearly  parallel  with  Rainy  river,  and  not  far  away  from  it, 
skirting  the  edge  of  the  rocky  area. 

2.  Glacial  Drift. — This  formation  covers  without  doubt  the 
whole  region  visited,  with  the  exceptions  already  mentioned. 
It  is  in  turn  covered  over  wide  areas  by  more  recent  deposits 
formed  by  lakes  and  rivers. 

As  regards  the  -characters  of  the  drift  sheet  in  general, 
little  need  be  said  here.  The  upper  or  modified  drift,  which 
may  be  t^e  enclacial  drift  more  or  less  stratified  by  the  waters 
of  the  melting  ice-sheet,  is  generally  sandy  in  the  Mississippi 
basin  and  over  the  divide  toward  the  Red  Lake  as  far  as  the 
morainic  strip  running  east  south  of  the  lake.  A  clayey  strip 
was  noticed  south  of  Leech  lake  and  another  extending  north* 
east — southwest  crossing  T.  148,  35.  In  this  same  area  lime- 
stone erratics  are  very  rare.  Dr.  Jas.  R.  Walker,  sub-agent  at 
Leech  lake,  after  wide  travel  informed  me  that  he  had  seen 
bat  one  limestone  boulder.  I  found  none  until  I  reached  T. 
146,  36,  and  then  only  one  or  two  small  shaly  ones.  I  found  a 
few  lime-pebbles  in  lake  Itasca.  Throughout  this  same  area 
black  silicious  slaty  boulders  seem  more  common  than  else- 
^rhere. 

After  entering  the  morainic  strip  south  of  Clearwater  lake, 
limestone  boulders  became  more  abundant  and  were  not  very^ 
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scarce  throug-hout  the  rest  of  our  Journey.  Id  the  rest  of  our 
course  also,  clay  was  the  common  subsoil,  except  od  terraces 
and  beaches.  It  was  generally  of  a  light  gray,  though  some- 
times yellowish. 

Typical  till  was  observed  at  the  base  of  several  high  banks 
along  the  Clearwater  and  Red  Lake  rivers. 

Moraines. — Not  venturing  to  decide  their  relations,  in  most 
cases,  I  will  simply  enumerate  them  by  localities. 

(a).  Rough  ground  was  struck  southeast  of  Gull  lake, 'and 
continued  more  prominently  west  of  the  lake  north  to  a  little 
north  of  Twin  lakes.  High  ground  was  crossed  just  south  of 
Pine  river  in  T.  137,  29.  This  apparently  came  in  from  the 
southwest,  and  was  thought  to  connect  with  the  ridges  left  8  or 
10  miles  further  south. 

(&)■  A  very  rough  country  was  entered  in  the  northwest 
comer  of  T.  139,  30,  and  traversed  for  about  14  miles  going 
north.  It  rose  150  to  175  feet  above  Leech  lake  and  80  to  100 
above  the  country  sonth.  Dr.  Walker  informed  me  that  it  did 
not  extend  farther  east  than  the  southeast  comer.of  Leech 
lake,  also  that  there  were  hiUs  southwest  of  the  lake.  I  was 
informed  by  a  ."cruiser"  that  there  were  hills  west  of  Pine 
lake  which  connected  with  those  along  Gull  lake,  therefore  I 
am  disposed  to  consider  the  morainic  region  south  of  Leech 
lake  to  be  an  interlobular  angle  of  the  same  moraine  to  which 
(a)  belongs. 

(c).  No  distinct  morainic  features  were  noticed  between 
Hackensack  and  Park  Rapids,  but  near  the  sontheast  comer  of 
T.  141,  36,  we  encountered  ridges  again,  extending  east  and 
west,  which  became  higher  and  rougher  northward.  These 
features  continued  till  we  were  east  of  the  fork  in  lake  Itasca. 
Its  higher  points  rise  150  feet  or  more  above  the  lake. 

(d).  Along  Grant  creek  in  T.  147,  34,  we  encountered  a 
narrow  but  welt  defined  moraine  mnnlng  S.  S.  E.,  the  knobs 
rising  abruptly  25  and  30  feet.  A  trader,  Mr.  Carson,  of  lake 
Bemidgi,  said  it  passed  4  or  5  miles  south  of  that  lake.  We 
crossed  an  elevated  strip  in  the  south  part  of  T.  148,  84,  which 
is  supposed  to  be  a  continuation  of  the  same,  running  more 
directly  north.  Prom  reports  we  judge  that  it  joins  a  morainic 
strip  running  east  and  west,  a  little  further  north. 

(e).  A  clayey  elevated  undulating  strip  was  crossed  in  the 
northern  part  of  T.  148,  35,  crossing  the  Clearwater  in  an 
eastward  direction,  and  rising  in  places  175  feet  above  that 
stream. 
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{/).  The  region  north  ancl  west  ot  Clearwater  lake  is  mor- 
onic, and  east  of  the  crossing  of  Sandy  river  there  are  knobs 
rising'  125  feet  above  that  stream  and  50  feet  above  the  clayey 
plain  north.  This  is  l>eUeved  to  be  the  northern  member  of  a 
double  or  interlobalar  moraine  running  east.  Its  northern 
slope  is  understood  to  extend  quite  directly  westward  through 
the  aoathern  part  of  T.  150,  40. 

{g).  The  region  traversed  between  Clearwater  lake  dam 
and  Fosston  was  mostly  morainic,  higher  points  being  crossed 
in  146,  36,  near  the  east  line  of  147,  38,  and  near  center  of 
147,89.  There  appears  to  be  a  moraine  running  southwest 
alons  northwest  of  the  upper  Clearwater,  which  very  likely 
connects  with  the  eastern  morainic  belt  in  Becker  county. 

(A).  The  country  is  morainic  north  and  northwest  of  Foss- 
ton, but  not  so  distinctly  so  west  and  south,  though  there 
are  some  knobs  along  west  of  the  old  valley  leading  east  and 
south  of  that  place. 

(f).  A  very  stony  well  defined  moraine  crosses  the  southern 
tier  of  sections  in  T.  150,  40,  and  ends  abruptly  near  the 
southwest  corner,  where  it  crosses  a  well  preserved  lake  beach. 
This  is  believed  from  reports  to  connect  with  {/.) 

(J).  A  well  developed  moraine  was  crossed  south  of  the 
Wild  Rice  river  in  T.  144,  40,  where  it  rises  over  100  feet  above 
that  stream.  The  same  moraine  was  seen  on  the  lower  land, 
la  or  near  T.  143,  43.  I  refrain  from  speaking  of  moraines  al- 
ready noted  in  reports. 

(ft).  Mild  morainic  features  were  noted  along  west  of  the 
south  courses  of  Thief  and  Ked  Lake  rivers,  in  range  44,  in 
north  Polk  county,  particularly  a  few  miles  south  of  St. 
Hilcure.  There  are  shallow  basins  separated  with  narrow  low 
ridges  and  frequent  boulders  in  places.  It  has  evidently  l>een 
subject  to  lacustrine  action  also.  This  is  thought  to  continue 
southeast  from  152,  44  and  connect  with  {i)- 

(f).  Five  or  six  mUes  southwest  of  the  mouth  of  War  Road 
river  we  passed  over  a  ridge  lying  east  and  west,  about  45  feet 
in  bight  al>ove  the  peat  marshes  or  "muskegs"  around.  It 
was  quite  sandy  in  places,  but  showed  boulders  at  various 
points  and  one  circular  basin  was  noted  toward  the  east  end.  It 
was  impossible  to  get  a  good  idea  of  its  form  on  account  of  the 
trees,  but  it  appeared  like  an  inclined  sand  plain  sloping  south- 
ward. Two  other  low  bouldery  ridges  were  crossed  southwest 
of  it  Mr.  G.  F.  Schoonover,  our  guide,  said  that  a  similar 
ridge  corresponding  to  the  first  mentioned  was  found  farther 

Dgiize.  ..Google 


74  TWENTY-FIRST  ANNUAL  REPORT 

east  and  connected  with  a  ridge  running  nearly  soathwest  from 
Bocky  point.  There  is  said  to  be  a  ridge  a  little  north  of  the 
boundary,  called  Pine  ridge,  which  connects  north  with  White- 
mouth  ridge,  just  how  I  could  not  make  out.  High  land  north 
of  the  Roseau  can  be  seen  from  Jadis  ridge. 

Rumors  have  come  to  me  from  several  sources,  some  of  them 
quite  circnmstantiat,  that  there  is  quite  a  high  ridge  south  or 
southwest  of  Rocky  point.  Possibly  these  may  be  morainic 
ridgefi  to  be  correlated  with  (i)  and  (k).  They  are  probably 
more  or  less  shaped  by  lacustrine  action. 

Oaara. — In  or  near  the  southeast  comer  of  T.  ,146,  36,  I  as- 
cended the  head  of  an  abrupt  ridge  rising  about  100  feet  above 
the  surrounding  plain.  Its  train  of  knobs  of  diminishing  hlght 
trended  S.  30°  W,  mag.     It  was  quite  bouldery. 

Some  low  winding  ridges  trending  eastward  were  noted  in 
the  valley  a  few  miles  south  of  Fosston,  which  were  probably 
of  this  class.     They  were  not  over  20  feet  in  bight. 

In  regions  already  described  I  noted  two  fine  examples.  One 
on  sections  9  and  16,  13S,  33,  already  mentioned,  and  one  not 
far  from  Darling,  Morrison  Co.  It  is  cut  by  the  railroad 
and  exhibits  the  stratified  structure  finely.  It  is  30  or  40 
feet  high. 

Pitted  Piaina. — I  know  of  no  better  term  to  express  what  I 
have  observed  at  several  points,  though  I  am  not  sure  that 
what  have  been  so  called  by  others  are  the  same. 

The  finest  example  of  this  class  is  found  south  and  southwest 
of  Red  lake.  The  topography  is  very  even,  rising  gently  to  the 
south,  but  dotted  with  basins  with  abrupt  sides  and  of  quite 
uniform  depth.  These  depressions  are  of  all  sizes  from  a  few 
feet  across  to  many  acres.  I  could  not  resist  the  impression 
that  an  ice-sheet  had  gone  to  pieces,  its  blocks  stranded  and 
clay  and  sand  had  filled  in  quite  level  around  them.  Later 
they  had  melted  and  left  their  places  vacant 

A  similar  but  less  perfect  example  is  found  about  Leech  lake 
and  north  of  the  east  course  of  the  Mississippi.  Along  the 
Little  Mississippi  this  structure  was  marked  along  its  channel, 
as  though  a  subglacial  channel  had  been  marked  by  blocks  of 
ice.     This  was  noted  particularly  in  the  western  part  of  146.35. 

Old  Channels.— Oaly  a  few  of  the  more  significant  need  be 
mentioned. 

(a).  There  is  a  conspicuous  gap  through  Moraine  (i>,begin- 
ning  on  or  near  sec.  27,  150,  40.  From  it  a  channel  treads 
southwest  and  spreads  out  on  a  delta  on  a  level  with  a  well 
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deBued  beach  ud  or  near  sections  6  and  7  of  the  town  next 
soath.  From  the  same  gap  a  terrace,  40  to  00  feet  higher, 
leads  more  directly  southward  toward  Mcintosh.  In  this 
terrace  is  a  row  of  large  basins  and  lakes  with  abrupt  sides. 

(&).  There  is  a  notable  chain  of  lakes  extending  southwest 
from  Leech  lake,  which  is  utilized  by  the  Indians  for  a  trail. 
It  crosses  T.  141,  32.  and  140,  33. 

(c).  Several  shallow  winding  channel-like  swamps  are  found 
traversing  interraptedly  the  plain  forming  the  divide  between 
the  Cledrwater  and  the  Mississippi. 

SMcc. — These  are  found  abundantly  on  the  surface  of  the 
only  rocks  found  in  the  region,  capable  of  receiving  and  pre- 
serving them,  viz. :  at  the  Lake  of  the  Woods.  Their  direction 
is  generally  southwest,  or  parallel  with  the  axis  of  the  south-  ' 
western  bay  of  the  lake.  As  the  magnetic  needle  was  useless, 
note  was  taken  with  reference  to  the  sun.  but  the  results  have 
not  yet  been  calculated. 

3.  Lacustrine  aTtd  Recent  Formatione. — Large  portions  of  the 
region  visited  were  formerly  the  bed  of  lake  Agassiz.  The 
several  beaches  of  the  lake  were  frequently  traversed.  We 
may  enumerate  and  locate  them  as  follows,  beginning  with  the 
highest;  we  use  local  names,  as  their  correlations  are  not  cer- 
tain: 

(a).  The  Lindsay  beach.  This  seems  to  intersect  the 
moraine  on  sec.  31,  150,  40,  and  runs  nearly  south  for  three  or 
four  miles  at  least.  It  was  first  seen  from  the  west  and  photo- 
graphed with  the  thought  that  it  was  a  terrace  of  Hill  river. 

(&).  The  Baudry  beach.  This  passes  east  of  north  near  the 
station  Baudry.  It  was  not  closely  examined.  This  is  be- 
lieved to  correspond  to  some  indistinct  fragmentary  beach  lines 
noted  along  west  of  the  south  courses  of  Thief  and  Red  Lake 
rivers,  and  possibly  with  the  next. ' 

(c).  The  Excel  beach.  This  is  well  developed  and  nearly 
continuous,  extending  along  the  east  lines  of  T.  155,  44,  and 
156,44.     This,  I  believe,  is  sometimes  called  Oak  ridge. 

(d).  The  Hflgher  GentiUy  beach.  Along  the  east  side  of 
Town  GentiUy,  150,  45,  are  two  sand  ridges,  one  about  15  feet 
higfher  than  the  other.  They  are  alM>ut  200  yards  apart  and  a 
canal-like  pond  runs  between  them  for  some  distance.  Ap- 
proaching the  river  north  they  turn  westward  and  are  said  to 
pass  Ives  Station  or  ridge.  They  were  found  still  together 
along  west  of  the  east  line  of  T.  156,  46,  and  were  observed 
between  the  Tamarac  and  Middle  rivers. 
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(e).  The  JadU  ridge.  This  probably  is  a  continuation  of 
the  last.  It  was  followed  from  the  northwest  corner  of  T. 
156,  46,  north  and  then  east-northeast  past  Pelan  and  Badger 
to  sec.  22,  T.  162,  40,  near  .Tadis.  It  is  a  most  imposiag  fea- 
ture, forming  a  perfect  thoroughfare  through  swamps  and  tim- 
ber. It  is  grassy  along  its  top,  with  oaks  and  elms  on  its 
slopes.  It  is  often  18  to  20  feet  high,  with  a  breadth  of  300 
yards  when  of  simple  structare.  It  Is  at  several  points  double 
or  triple,  with  cross  ridges.  At  its  eastern  extremity  it  ends 
in  an  abrupt  curve  to  the  south.  It  is  there  about  65  feet  high 
'  above  the'plaiD  east,  with  lower  terrace'^  at  12  and  38  feet  above 
the  satoe.  It  will  be  noticed  that  this  is  about  the  hight  of 
the  bonldery  ridge  mentioned  under  moraines  (2)- 

(/■).  The  Lower  Gentilly  beach.  As  before  said  there  are 
two  ridges  nearly  parallel  along  the  east  side  of  T.  150,  45. 
It  is  found  in  company  with  the  Higher,  where  we  met  with  it, 
till  both  have  crossed  the  Tamarac,  then  the  lower  is  said  to 
turn  northwestward  to  the  vicinity  of  Hallock.  The  Pembiaa 
trail  follows  it.  We  were  not  so  fortunate  as  to  determine  the 
exact  point  where  the  two  separated. 

{g).  The  Foldal  beach.  Another  well  defined  ridge  was 
found  about  parallel  with  the  last.  It  was  crossed  on  sec.  4, 
156,  46,  and  on  or  near  sec.  24,  158,  47. 

(h).  Nelson's  beach.  Running  east  through  the  third  tier  of 
sections  in  T.  162,  39,  is  a  low  sandy  beach,  not  more  than  10 
feet  above  the  surrounding  flat.  I  judge  that  the  inner  side  is 
north,  but  am  not  certain.  It  seems  to  mark  the  north  side  of 
an  old  delta  of  the  Roseau  river. 

Bouldery  Strips.— 'Yhe  inner  sides  of  the  ridges  are  bounded 
generally  with  clayey  flats  quite  thickly  strewn  with  boulders, 
so  much  so  as  to  interfere  seriously  with  their  tillage  when  dry 
enough  to  farm,  and  with  mowing  when  used  as  hay-meadows. 
This  feature  is  easily  explained  by  the  wash  of  wave%  and  the 
undertow,  while  the  adjacent  beach  was  forming.  In  places 
they  are  so  abundant  as  to  suggest  that  floating  ice  may  have 
assisted  in  collecting  them.  As  Mr.  ITpham  has  already  ob- 
served, boulders  are  rarely  if  ever  found  on  the  beach  itself.  I 
found  one  boulder  of  limestone  about  6  inches  in  diameter  on 
the  summit  of  the  lower  beach  in  Gientilly,  and  one  or  two 
larger  on  Nelson's  beach.  The  body  of  the  beach  is  usually 
sand  and  gravel,  the  latter  rarely  coarse.  Boulders  however 
are  found  close  to  the  beEw;h  and  not  far  below  the  summit. 
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Clay  Plata. — Extensive  areas  inside  and  remote  from  a  beach 
are  commonly  covered  with  fine  clay.  This  is  the  case  about 
Stephen  and  I  understand  between  there  and  the  Red  river,  and 
BO  generally  north  and  south  along  the  bottom  of  the  Red 
River  valley. 

About  Red  Lake  Falls,  as  was  finely  shown  in  fresh  railroad 
cuts,  there  is  a  deep  deposit  of  darlc  laminated  clays  of  fine 
grain.  There  is  a  layer  of  dark  clay  i  to  j-  inch  thick,  then  a 
loose  light-colored  deposit  not  more  than  a  tenth  as  thick, 
which  shows  plant-like  structure  of  some  Algee  compressed. 
These  deposits,  though  30  feet  in  depth,  in  places  are  quite 
inconstant  in  thickness  and  sometimes  pass  abruptly  laterally 
into  san^  In  the  Roseau  valley  a  similar  formation  was  ob- 
served tn  freshly  dug  wells.  A  case  was  reported  as  follows, 
near  Roseau  lake:  Eight  feet  below  the  surface  this  laminated 
clay  was  struck  and  was  8  feet  thick;  then  sand,  red  clay  and 
pebbles  for  23  feet;  then  the  laminated  clay  again,  which  con- 
tinued down  as  far  as  160  feet  from  the  surface. 

In  Ross  township  near  by  a  well  was  dug  110  feet  deep  all  in 
this  laminated  clay,  and  from  that  depth  the  water  rose  to  the 
surface.     This  was  reported  by  Schoonover. 

River  Terraces. — A  few  only  of  the  more  notable  may  be  men- 
tioned here.  Along  the  Clearwater,  about  Bagley  dam,  a  sand 
terrace  25  to  80  feet  above  the  stream  is  quite  widely  devel- 
oped. A  section  below  the  dam  showed  the  full  bight  built 
of  obliquely  Atratifled  sand  with  a  bouldery  stratum  about  the 
middle. 

At  Red  Lake  FaUs  another  section  on  the  same  stream  was 
as  follows: 

20  feet.  Dark  lead-colored  laminated  clay,  with  very  few 
pebbles.     [Lacustrine.] 

lU  feet  slope  and  undetermined,  but  from  other  sections,  pre- 
sumed to  be  occupied  by  the  strata  above  and  below. 

8  feet.     Yellow  loam  stratified,  in  places  passing  inte  fine 
sand.     Boltom  well  defined. 
7J  feet     Typical  till,  light  bluish  gray. 
H-3i  feet.     Stratum  of  boulders  above  and  laminated  pebbly 
loam  below. 

19  feet-     Lighter,  looser  buff  till. 
4-5  feet     Bouldery  slope. 
Level  of  Clearwater  below  the  rapids. 

The  upper  portion  of  this  is  doubtless  lacustrine,  and  per- 
haps none  is  strictly  stream  terrace. 
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Topographical  Notes. — In  the  basio  of  Red  lake  and  of  lake 
Agassiz  the  surface  is  very  level  and  largely  marshy.  Sleva- 
tionB  over  five  feet  above  the  general  level  are  rare,  with  the 
exception  of  the  beaches  and  moraines  already  noted. 

The  divide  between  the  Mississippi  and  the  Wild  Rice  and" 
Clearwater  rivers  is  similarly  even  and  marshy,  but  aboat  150 
feet  higher. 

Mr.  W.  J.  Hilligoss,  of  Fosston,  an  experienced  surveyor  and 
hnnter,  called  my  attention  to  the  fact  chat  the  general  level 
of  the  land  south  of  the  followiog  line  was  abont  100  feet  high- 
er than  the  general  level  of  the  plain  north  of  it.  The  line  he 
described  as  follows:  Beginning  on  the  west  slope  of  the  high- 
land a  little  south  of  the  Wild  Rice,-T.  144,  41,  it  goes  in  a 
sinuous  line  eastward  to  Schoolcraft  river,  and  thence  south- 
east towards  Leech  lake- '  Where  I  crossed  it,  J  found  his  state- 
ment to  hold  good. 

The  existence  of  this  buried  escarpment,  if  such  it  be,  may 
explain  why  the  ice  lobe  from  the  east  pushed  over  the  divide 
between  the  Mississippi  and  the  rivers  northwest,  as  has  been 
stated,  so  as  to  form  its  moraine  on  the  slope  northward. 

Capt.  Mockman,  of  Jadis,  of  wide  and  intelligent  acquaiut- 
ance  with  the  region,  informed  me  that  Lake  of  the  Woods  is 
several  feet  higher  than  Roseau  lake,  that  a  "muskeg"  or 
marsh  nearly  connects  them,  and  that  a  low  ridge,  not  over  200 
yards  wide,  is  all  that  hinders  the  water  running. 

He  also  stated  that  the  region  between  the  Roseau  and  Rat 
rivers  was    "mountainous,"   traversed  with  northwest-south- 
east ridges,  that  Pine  ridge  runs  northwest,  and  that  there  are 
bouldery  flats  on  the  boundary  west  of  the  Roseau. 
J.  E.  TODD, 

Assistant  Geologist. 

Vermillion,  S.  D.,  Dec.  20,  1892. 
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FIELD  OBSERVATIOXS  OF  N.  H.  WINCHELL 
IN  1892. 


THE   HAX,E,  CINCINNATI   ANP   BIWABIK   MINES. 

Field  observatioos  were  begun  March  5,  1892,  by  a  hurried 
trip  bo  the  new  miaes  then  lately  opened  oa  the  Mesabi  range 
in  sees.  1  and  2.  T,  58-16.  The  report  oa  the  "Iron  Ores  of 
Minnesota"  (Bulletin  VI)  had  but  lately  been  published,  and 
had  announced  some  of  the  early  discoveries,  but  at  that  time 
none  of  the  remarkable  deposits  had  been  found.  It  was  not 
long,  however,  before  some  of  the  possibilities  which  that  re- 
port had  pointed  out  for  the  Mesabi  range,  began  to  take  on  the 
appearance  of  actualities.  It  was  for  the  purpose  of  verifying 
some  of  these  later  discoveries  that  an  early  examination  was 
made.  At  that  time  the  Hale,  the  Cincinnati,  the  Shaw  and  the 
Biwabik  mines  were  the  center  of  interest  and  expectation, 
while  further  west  the  "  Misabe  Mountain"  location,  with  nu- 
merous promising  localities  intervening,  gave  strong  hope  that 
the  most  glowing  anticipations  would  be  realized. 

Bat  little  information  was  gained  by  this  first  visit  to  these 
mines,  beyond  the  verification  of  ideas  already  published  con- 
cerning the  general  geologic  relations.  At  the  Hale  mine  (S. 
W.^  sec.  1,  5H-16),  the  most  easterly  of  the  new  group,  the  ore 
deposit  was  met  with  sometimes  within  two  feet  of  the  natural 
surface,  and  in  some  cases  the  turf  itself  grew  in  a  red  hema- 
titic  soil  which  resulted  immediately  from  the  disintegration  of 
the  ore.  In  other  places  the  ore  was  found  ten  or  twenty  feet 
from  the  surface-  This  mine  is  just  south  from  a  low  ridge  of 
greenstone,  about  ten  or  fifteen  rods  distant,  which,  at  a  little 
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further  west,  is  replaced  by  granite.  The  ore,  and  the  changed 
rock  lies  unconformably  on  these  older  rocks. 

The  Cincinnati  mine  property  embraces  eight  "forties"  in 
the  central  part  of  section  2,  58-16.  At  this  mine  the  rock  which 
intervenes  between  the  ore  and  the  greenstone  is  a  rather 
_  loose  quartzyt«,  which  somtimes  is  charged  with  ore  by  down- 
ward infiltration.  This  intervening  quartzyte  is  not  visible  at 
the  Hale  mine,  but  at  the  Cincinnati  mine  th^-ee  shafts  have 
penetrated  this  sand.  Overlying  the  ore  horizon  is  a  series  of 
slates,  so  called  "black  slates",  although  this  rock  is  some- 
times not  at  all  slaty,  but  rather  a  black  rock,  fine-grained,  in 
beds  from  four  to  twelve  inches  thick.  The  seven  shafts  which 
were  examined  on  the  Cincinnati  property  were  all  swd  to  be 
in  ore  from  five  to  fifty  feet,  although  it  was  evident  that  this 
ore  was  not  all  of  first  class  grade.  These  weye  all  on  the  N. 
B.  i  of  the  N.  W.  i  of  section  2. 

The  Biwabik  mine  adjoins  the  Cincinnati  toward  the  west, 
and  several  shafts  here  have  entered  ore  of  fine  quality.  Some 
of  these  shafts,  which  have  been  sunk  by  the  simplest  methods, 
and  without  the  aid  of  steam  power,  have  entered  soft  ore  to 
the  depth  of  over  fifty  feet,  the  overlying  drift  accumulations 
being  from  ten  to  twenty  feet  thick.  Under  the  ore  here  also 
a  sandstone  has  been  encountered.  Toward  the  north  occurs 
the  greenstone  ridge  which  extends  continuously  from  the  Hale 
mine. 

To  reach  these  iron  locations  it  is  necessary  at  present  to 
travel  over  an  execrable  road  a  distance  of  twelve  miles  from 
the  Duluth  and  Iron  Range  railroad  at  Mesaba  station.  Over 
this  Toad  during  the  past  winter  much  freight  has  been  hauled, 
indeed  all  the  lumber,  supplies  and  all  the  pei^onal  accoutre- 
ments of  the  m^n  here  employed,  as  well  as  of  those  at  Moun- 
tain Iron,  have  been  hauled,  at  great  expense,  by  horses,  from 
this  railroad  station.  This  has  caused  the  sudden  infiuz  of 
small  traders  and  the  establishment  at  the  station  of  many 
transient  fortune-seekers,  resulting  in  a  viU^e  of  about  a  hun- 
dred temporary  shanties. 

MANGANESE   OXIDE  AT  MONTICBLLO. 

Under  the  guidance  of  Mr.  J.  N.  Stacy  a  visit  was  made 
(April  21)  to  the  left  bank  of  the  Mississippi  river  at  one  mile 
above  the  village  of  Monticello.  Here  was  found  a  bluff,  abont 
25  feet  high,  {the  usual  bluff  of  the  immediate  river  channel 
outside  of  the  flood  plain, )  consisting  of  some  strata  of  the 
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Cambrian,  much  hid  by  drift  sand  which  falls  from  the  top. 
The  strata  are  of  light  green  shale  and  white  sandstone,  the 
latter  cootaining  Lingula  in  considerable  numbers,  and  belong 
in  the  St.  Croix.  This  is  an  isolated  cut  by  the  river,  inas- 
much as  generally  the  river  bluff  consists  of  drift,  the  lowest 
seen  at  the  water  level  being  a  red  till,  or  of  fine  stratified  red 
clay.  In  the  overlying  gravel  is  much  manganese  stain.  This 
here  overlies  a  fine  red  brick  clay,  such  as  that  used  at  Monti- 
cello, 

On  the  west  bank  of  the  river,  on  sec.  32,  T.  122,  R.  25,  is  & 
considerable  stratum  of  blaek  manganese  oxide.  It  extends 
visibly  along  the  river  bluff  200  or  300  feet,  immediately  over- 
lying a  pebley  blue  clay,  and  has  an  average  thickness  less 
than  twelve  inches.  Overlying  it  is  drift  gravel  and  sand. 
The  underlying  blue  clay'  extends  indefinitely  westward,  and 
imderlies  also  an  extensive  marsh  in  sees.  31  and  32.  There  is 
a  saggestive  topographic  relation  between  this  bog  and  the 
lower  level  at  the  river  which  leads  to  the  supposition  that  this 
bog,  which  is  itself  affected  with  manganese  and  iron  oxides, 
has  its  underground  discharge  into  the  river  at  this  point. 
This  supposition  is  strengthened  by  the  existence  of  wad  in 
greater  or  less  amount  over  much  of  the  surface  of  the  marsh, 
mixed  with  greater  amounts  of  bog  iron  ore.  The  perpendic- 
ular section  at  the  marsh  was  found  to  average  about  as  fol- 
lows: 

Peat 1— 2i  feet. 

Red  bog  Iron 0—3    iDcbes. 

Black  manganese  and  htyg  ore.' ...  0—2    feet. 

Analysis  made  of  the  black  deposit  neac  the  bottom  gave  but 
little  manganese,  the  color  being  due  principally,  iu  this  case, 
to  organic  matter.  Analysis  of  the  black  deposit  at  the  river 
bank,  which  first  attracted  attention,  was  given  in  the  last 
report  (p.  821),  and  is  here  repeated: 

Sand  and  day 4.98 

Carb.  lime 6.86 

Carb.  magoeBia 85 

Oxide  of  Iron 51 

Black  oxide  of  manganeae , 79.83 

PhosphoruB 09 

Sulphur .01 

Water  of  hfdratioD  and  organic  matter 6.87 

100.00 
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THE   MESABl   RANGE  ON  SEC.   27,    T.   60-18. 

This  is  one  mile  south  of  the  granite  range.  The  land  here 
is  owned  by  the  Mesabi  Iron  company  and  exploration  is  being 
made  by  the  Mesabi  Syndicate  company,  under  the  manage- 
ment of  Capt.  Wicks.  Much  expense  has  been  incurred,  the 
effort  being  to  accomplish  a  thorough  examination  of  a  large 
tract  of  presumably  iron-bearing  lands.  Capt.  Wicks  furnished 
much  information,  and  guided  the  writer  to  several  points  ol 
geological  interest.  He  gave  the  following  description  of  & 
drill-hole  made  in  N.  W.  i  S.  W.  ^  sec.  27.  60- 13,  one  mile  south 
of  the  granite.  It  is  illustrated  by  samples  of  the  rocks  passed 
through,  as  numbered: 

Diamond  drill  section,  niade  on  N.  W.  \  S.  W.  \  section  27,  60-13. 

Drill  No.  5. 

1.  Drift 8  feet 

2.  Black  and  Kraj;  flue,  banded  rock,  with  fine  Kr&ined  macne- 

tite,  the  latter  being  distributed  through  the  whole,  and 
sometimes  In  beds  six  Inches  or  ten  Inches  Id  thickness. 
Survey  number  1628 167  feet. 

3.  "  Black  slatea,"  a  rather  maaslve  rock  to  bo  named  slate, 

charged  with  magnetite.    Survey  Ko.  162fl.    Closely  allied 

to  the  last 70  feet. 

4.  Gray  quartzyte,  nearly  all  silica,  but  sometimes  porous;  has 

round  KecretloDS  (or  concretions),  1630&,  shaped  like  the 
sponge  HlDdla,  about  )  to  1  inch  in  diameter.  These  are 
Id  cavities  somewhat  larger,  but  surrounded  by  a  loose 
siliceous  mesh  whic&  keeps  them  In  place.  This  rock  also 
has  some  non-homogenous  places— angular  and  rounded 
masses  appearing  cut  by  the  diamond  drill.    Survey  Bo. 

1630 20  feet. 

6.  "  Ore."  This  is  a  siliceous.  One  m^netlte.  The  upper  part 
contains  some  of  No.  4,  and  the  lower  part  is  sof  l«r,  and 
rather  less  In  iron.  This  lower  part  gave  no  core,  but 
washed  away  with  the  cuttings  through  the  drill  core, 
suggesting  that  it  may  have  been  soft  ore.  Capt.  WIcfcs 
thinks  18-20  feet  may  be  the  average  thickness  of  the 
ore  (163!) 24  (eel. 

6.  Fine  grained,  pinkish-cream  colored  quartzyte,  evidently 

granular,  though  very  flne.    (1632) n'feet. 

7.  Round,  "Iragmeotal"  quartz  grains  cemented  In  a  matrix 

of  quartz.  The  lower  portion  of  this  stratum  Is  of  crystal- 
line quartz,  or  at  least  of  less  evidently  fragmental  grains 
Some  of  it  also  appears  like  chalcedonic  silica.  The 
crystalline  portions  present  faces  of  fracture  1-10  to  1-1 
Inch  across,  and  resemble  the  quartz  seen  at  Chub  lake. 
It  also  contains  pyrites  In  streaks  and  crystals.  The 
traDsltlon  downward  to  the  next  Is  gradual.     (1633) l&feet. 
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8.  A  bard,  slticeoua  ftreenlsb  rock,  which  coDtains  many  frag- 

meatat  grains  of  quartz  1-16  to  1-6  iDCheg  across,  some  ol 
them  of  a  lavender  blue  color.  While  the  mass  of  this  Is 
quartz  It  ts  colored  apparently  hy  fine  debris  from  the 
earlier  Keewatin  greenstoDes  of  the  vicinity,  and  should 
be  considered  the  lower  portion  simply  of  No.  7.  It  also 
embraces  rounded  pieces  from  No.  10,  aod  evident  crystals 
of  feldBpar.    (1834;  compare  1637) 10  feet. 

9.  The  lower  portion  of  No.  8  becomes  coarse  and  Irregular. 

lighter  colored,  with  pyrlte  or  chalcopyrlte,  resembllog 

outwardly  a  coarse  granite.    (1635) 1  foot. 

la  Qrauite.    (1636) entered      3  feet. 

Total 32i  feet. 

Additional  notes  on   the  foregoing  drill   section. 

A  number  of  other  drills  also  have  been  made  in  the  same  re- 
gion, and  according  to  the  records  kept  by  Oapt.  Wicks  the  fol- 
lowing data  were  obtained-.  , 

I>HU  No.  J.  S.  E.  iS.  B.  i  sec  29,  60-13.  Drift,  8  ft.;  black 
slates,  38  ft.  {No.  3  of  drill  No.  5,  above) ;  gray  quartzyte, 
(taconyto  horizon),  12  ft.  (No.  4  of  drill  No,  5,  abovej  ;  mixed 
ore,  (60  p.  c. ),  10  ft  (No'.  5,  of  drill  No.  5",  above) ;  pinkish 
quartzyte,  the  lower  portion  of  this  had  some  of  the  coarser, 
fragmental  quartz,  19  ft. ;  granite,  4  ft;  total,  91  ft. 

DHU  No.  if.  S.  E.  J,  N.  E.J,  sec.  28.  60-18.  Drift  7  ft. ;  black 
slates,  52  ft.;  gray  and  brown  quartz,  15  ft.;  dark  gray  quartz, 
9  ft.  (the  last  two  being  the  taconyte  horizon) ;  ore,  hard, 
mixed,  24  ft.;  mixed  ore,  and  brown,  "soft  stuff,"  7ft.  6in.; 
soft,  green  rock,  mixed  with  quartz,  conglomeratic,  7  ft.; 
granite,  4  ft.  3  in. ;  total,  125  ft.  9  in. 

DrUl  No.  S.  Surface.  4  ft.  9  in.;  black  slates,  81  ft;  dark, 
gray  quartz,  12  ft.;  quartz,  and  a  little  ore,  4  ft.;  quartz,  with 
seams  of  ore,  4  ft.;  quartz  and  magnetite,  9  ft.  6  in.  (the  last 
four  being  the  taconyte  horizon) ;  soft  material  and  hard  ore,  9 
ft ;  brown  (pinkish)  quartzyte,  32  ft;  white  quartz,  coarser,  8 
ft ;  granite,  4  ft ;  total,  168  ft. 

Ihill  No.  4.  S.  E.  i,  S.  E.  J,  sec.  29,  60-13.  Drift  and  boul- 
ders, 9  ft ;  black  slates,  36  ft. ;  mixed  brown  and  gray  quartzyte, 
(on  the  horizon  of  No,  4,  of  drill  No.  5,  above),  no  ore,  17  ft. ; 
brown  quartzyte  and  ore  (six  feet  of  ore  in  the  core  interbedded 
with  the  quartzyte,  ore  beds,  4  or  5  Inches),  9  ft.  6  in.;  hard 
ore,  14  ft.  9  in.;  brown  rock,  soft,  containing  ore  (30-40  p.  c),  2 
ft  9  in. ;  white  fragmental  quartzyte  (bottom  coarser),  10  ft. ; 
granite,  2  ft.;  total,  99  ft 
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The  rock  of  No.  6,  of  drill  No.  5  {the  pinkish,  fine  quarteyte), 
Mr.  "Wicks  regards  as  complementary  of  the  ore.  Where  it  oc- 
curs he  finds  less  ore,  and  that  is  impure,  being  mized  with 
this  rock,  and  where  none  of  this  quartzyte  is  foun<1,  the  ore,  if 
found,  is  of  high  grade  and  clean.  None  of  this  rock  is  found 
in  those  holes  where  he  ha&  found  the  better  ore.  Mr.  'Wicks 
says  he  knows  of  this  pinkish  quartzyte  in  sec.  14,  T.69-14,  in 
angular  pieces,  evidently  nearly  in  place;  also  in  sec.  32,  60-13, 
where  it  is  in  outcrop. 

The  greenish,  siliceous  rock.  No.  8  of  drill  No.  5,  above, 
(Sur.  No.  1634),  is  supposed  to  be  in  outcrop  in  N-  E.  i,  S.  W.  i 
sec.  22,  60-13,  where  a  sample  (1637)  was  procured  from  a  pit  20 
feet  deep.  This  is  a  greenish,  fragmental  rock  formed  by 
debris  from  the  adjoining  granite  and  greenstone  ridge  holding 
conspicuous  fragments  of  lavender-blue  quartz  supposed  to  be 
from  the  granite,  and  some  orthoclase  crystals,  the  latter  eaten 
into  by  some  agent,  and  showing  within  some  of  the  green  ele- 
ment which  composes  the  matrix,  and  which  apparently  consti- 
tutes the  most  of  the  rock.  Whether  there  be  in  this  rock  any 
volcanic  ditEusive  debris,  of  a  basic  nature,  is  uncertain,  but  it 
appears  possible, '  if  not  probable. '  Sometimes  it  contains 
pyrite  and  galenlte.  The  general  a-fipect  is  green.  The  rock 
is  so  soft  that  it  cuts  like  semi-fibrous  chlorite.  In  other  places 
this  member  of  the  iron-bearing  Taconic  is  rather  a  quartzyte, 
with  green  chloritlc  matter  disseminated,  the  quartz  grains  be- 
ing coarse  and  fragmental. 

The  rock  1631,  the  "ore"  of  the  foregoing  drill  section  No. 
5,  is  seen  fairly  at  No.  2  pit,  which  is  on  S.  B.  J  N.  W.  J,  sec 
tion  28,  60-13,  where  it  embraces  not  only  much  hard,  siliceous 
ore,  but  much  coarser  and  some  even  conglomeratic  masses 
and  layers.  The  conglomerate  is  sometimes  distinctly  a  con- 
glomerate, and  sometimes  it  appears  like  a  cemented  breccia, 
the  matrix  being  "chalcedonlc,"  or  chemically  deposited  silica, 
very  fine  and  flint-like,  or  hematite  and  silica.  Sometimes  the 
pebbles,  or  pieces  of  the  breccia,  are  largely  of  flinty  pieces  of 
such  silica  also.  In  some  of  this  are  found  the  round  sponge-like 
concretions  (1630A),  but  they  are  rather  in  the  more  distinctly 
fragmental  and  finer  layers,  above  the  ore  itself. 

The  rock  of  No.  8  of  the  section  No.  5  (1634,  also  represented 
by  No.  1637),  is  again  repeated  in  No.  1638,  in  an  extreme 
phase.  It  here  shows  so  much  coarse  and  rounded  quartz  that 
it  should  be  called  a  sandstone,  or  a  quartzyte.  The  green 
element  supposed  to  have  resulted,  possibly,  from  volcanic 
Dgiize.  ..Google 
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debris  of  the  time,  being  so  scant  as  to  merely  speck  the  broken 
surface,  or  to  appear  more  abundantly  in  blotehes.  In  other 
specimens  the  sand  grains  are  nearly  wanting  and  the  resulting 
rock  is  green,  soft,  homogeneous,  rather  fine-grained,  and 
referable  to  a  volcanic  tuff,  being  another  extreme  condition  of 
the  rock  1634. 

No.  6  of  the  above  drill  section  (rock  1632)  is  also  represented 
by  rock  1640.  which  was  obtained  from  an  outcrop  in  N.  W.  i 
N.  B.  i,  sec.  32,  60-13.  It  is  a  pinkish  fine  quartzyte,  and  an 
interesting  rock,  both  on  account  of  its  character  and  its  associ- 
ations. It  weathers  usually  reddish  or  brownish.  It  appears 
pinkish  in  the  drill  cores,  and  on  deep  fresh  fracture  it  is  bluish 
and  grayish.  It  is  marked  by  the  plainest  sedimentary  bands, 
which  become  evident  when  the  rock  is  seen  on  a  large  scale. 
It  is  essentially  a  quartzyte,  and  it  lies  below  the  iron  horizon, 
L  e.,  the  so-called  iron  horizon  here,  and  is  overlain  also  by  a 
small  amount  of  non-fragmental  siliceous  rock,  a  chalcedonic 
rock  which  grades  off  into  the  dark  gray  and  irony  layer  above. 
This  fine  and  chalcedonic  belt  is  about  3  feet  thick,  but  it  is  not 
all  chalcedonic.  It  is  sometimes  made  up  of  coarser  and  "f  rag- 
mental  "  quartz  grains.  No.  1640,  however,  is  in  a  sense  inter- 
mediate between  the  chalcedonic  and  the  fragmental.  It 
may  have  been  derived  by  chemical  precipitation  in  the  Taconic 
ocean,  for  it  is  very  fine-grained;  but  it  has  none  of  that  curly 
agate-like  banding  which  characterizes  the  "chalcedonic" 
agate-like  silica.  This  rock  runs  through  two  or  three  sections 
at  least,  and  affords  some  outcrops  in  a  series  of  bluffs  south  of 
the  outcropping  granite  range.  We  could  not  see  any  place 
where  it  lies  on  anything,  but  it  seems  to  come  close  to  the 
granite.  In  the  drill  it  was  found  to  overlie  some  of  the  coarser 
fragmental  quartzyte,  but  no  great  thiclmess  of  it.  The  most 
interesting  point  about  this  is  its  similarity  of  lithology  and  its 
probable  Identity  of  stratigraphy  with  the  Wauswaugoning  and 
Pigeon  Point  quartzyte,  indicating  the  equivalence  of  the  Pee- 
wabic  quartzyte  with  the  Wauswaugoning. 

There  are  here  three  conditions  of  quartz,  each  one  making 
rock  masses: 

1.  Agate-like  and  banded,  so-called  chalcedonic  quartz,  very 
fine-grained,  non-fragmental. 

2.  Very  fine-grained,  bedded,  pinkish  or  brownish  quartz, 
partly  fragmental,  but  largely  a  chemical  oceanic  precipitate. 

3.  White,  coarse-grained,  fragmental  quartzyte,  mingled  not 
only  with  quartz  chemically  precipitated  but  with  green  (tu- 
taceoMf)  materials.  ^__,___i  b,CoOgle 
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A  dike  of  igneous  rock. 

A  large  green  dike  runs  S.  W.  and  N.  E.  in  N.  W.  J  N.  E.  J 
section  32,  60-13.  and  seems  to  have  some  connection  with  an 
irregularity  detected  by  Mr,  Wieks  in  the  iron  formation,  indi- 
cating a  fault.  But  it  seems  to  play  no  such  roule  as  has  been 
described  respecting  the  dikes  cutting  the  iron-formation  on 
the  Gogebic  range.  It  appears  to  stand  about  vertical  but  its 
width  and  extent  longitudinally  could  not  be  made  out  It 
could  be  traced  about  10  rods.  This  is  the  first  dike  the  writer 
has  seen  on  the  Mesabi  range  cutting  the  iron -bearing  rocks. 

May  10,  Returning  past  Mailman's  camp  (mentioned  in  Bul- 
letin No.  VI,  pp.  135  and  202),  an  examination  was  made  of  the 
new  working.  Nothing  new  was  developed.  No  more  merchant- 
able ore  has  been  discovered.  The  work  ceased,  but  is  being 
renewed  by  other  parties. 

It  seems  from  all  that  I  can  learn  of  the  ore-bearing  qualities 
of  the  eastern  part  of  the  Mesabi  range,  and  from  the  results 
attained  by  the  explorations  that  have  been  made  by  those 
owning  the  lands,  or  by  their  lessees,  who  certainly  should  be 
considered  to  be  the  best  qualified  to  develop  the  ore  deposits 
which  the  country  might  possess,  that  the  outlook  is  not  so 
favorable  for  ore  in  the  eastern  part  of  the  range,  at  least  in 
that  portion  eastward  from  Mesaba  Station  to  Birch  lake,  as  in 
the  western.  The  ore  is  more  likely  to  be  magnetic,  and,  wiiile 
magnetism  itself  cannot  be  said  to  be  injurious,  the  ore  is  so 
closely  mixed  with  siliceous  impurities,  or  is  so  sparsely  inter- 
leaved with  the  rocks  of  the  formation;  that  it  is  not  found  to 
be  profitable  to  work  it.  It  is  very  likely  that  the  presence  of 
the  eruptive  rock  in  greater  nearness  to  the  ore-bearing  local- 
ities has  been  a  powerful  cause  in  rendering  the  ore  magnetic, 
The  same  agent  has  affected  the  associated  rocks,  particularly 
the  quartzyte  underlying  the  ore. 

RBPUBLIC,    MICHIGAN. 

In  about  an  hour  and  a  half  a  brief  examination  was  made  of 
the  Republic  mine.  It  is  evident  at  once  that  the  great  hill  of 
jasperold  hematite  first  encountered  in  going  south  from  ihe 
depot  of  the  Duluth,  South  Shore  and  Atlantic  railroad,  is  in 
the  Keewatin.  It  duplicates  perfectly  the  hills  and  ridges  at 
Tower.  Granite  and  associated  rocks  extend  almost  all  the 
way  from  Humbolt,  where  some  hornblendic  rocks  appear. 
The  ore  is  micaceous,  standing  vertical,  and  is  interbeded  with 
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a  coarse  quartzjte.  This  last  fact  occurs-  immediately  south- 
west from  the  old  working  shaft  which  is  od  the  top  of  the  hill 
nearest  Humbolt  This  coarse  qaartzyte  is  also  stained  green- 
ish by  some  mineral  (olivine  ?)  disseminated  through  it  which  is 
hard,  resembliDfr  quartz,  but  apparently  distinct  from  the 
quartz.  In  this  quartzyte  is  also  hematite  in  glittering  mica- 
ceous scales  and  patches,  and  a  sparser  amount  of  light-green 
softer  sediment,  resembling  the  green  sediment  derived  from 
erosion  of  the  Keewatio.  This  quartzyte  extends  visibly  a 
couple  of  rods  and  has  a  width  of  5  or  6  feet.  It  acquires  a  gray 
color,  as  the  hematitic  ingredients  and  the  jaspilyte  gradually 
fade  out,  constituting  a  rock  which  is  then  indistinguishable 
from  some  of  the  siliceous  graywackes  of  the  Keewatin. 

-Further  down  along  the  face  of  the  cliff,  near  the  base,  on 
the  southwest  side,  this  greissen  is  more  visible,  but  it  appears 
here  also  as  an  integral  part  of  the  Keewatin  formation,  and 
is  seen  to  blend  with  it  toward  the  southwest  both  slowly  and 
abruptly,  but  near  the  ore  toward  the  northeast  it  becomes 
coarse  and  conglomeritic  with  large  fragments  of  the  ore.* 

On  the  east  side  of  the  main  ridge  is  a  large  area  of  ^green- 
stone, but  the  rock  is  much  darker  and  harder,  and  more  evi- 
dently eruptive,  than  most  of  the  Keewatin  greenstone.  In 
some  places  it  approaches  a  hornblende  schist,  and  in  others  it 
cuts,  as  if  eruptive,  through  the  sedimentary  rock  of  the  ridge. 

ISHPEMING,  MICHIGAN,  WINTHEOP  MINE. 

May  12,  1892.  At  the  Wintbrop  mine,  which  is  in  the  hill 
range  south  of  town  in  which  is  also  the  Setginaw  mine,  the 
rock  and  ore  dip  north  about  45  degrees.  The  ore  is  hematite 
with  some  limonite,  and  is  semi-soft  and  porous.  Some  of  it  is 
siliceous,  and  appears  like  the  taconyte  of  the  Mesabi  range  in 
Minnesota.  I  judge  the  mine  is  in  the  Taconic.  Greenstone 
knobs  appear  t6  the  north  and  northeast,  but  not  in  the  imme- 
diate vicinity  of  the  mine.  A  little  further  west,  however,  ap- 
pears a  range  of  greenstone  hills  which  would  strike  a  few  - 
rods  south  of  the  mine. 

The  Saginaw  mine. 

In  the  sixteenth  report  of  the  Minnesota  Survey  the  writer 

announced  for  the  first  sime  a  general  non-conformable  contact 

*  This  la  more  lately  referred  by  Vun  Hiss  and  o 
enrrey  to  an  OTerljlog  b&siil  couglomeTate  of  the"Cp 
DOD-contonult;  Been  Kt  the  Baglaaw  mine. 
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between  two  iron-bearing  members  of  the  "Huronian"  in  the 
Michigan  iron  region,  and  illustrated  the  non-confonnity 
by  two  diagrams  sketched  on  the  spot,  one  at  Cascade,  sonth 
from  Negaunee,  and  one  at  the  Saginaw  mine  south  from  Ish- 
peming.*  This  examination  was  made  because  in  Minnesota 
such  a  non-conformity  had  tieen  discovered  between  two  iron- 
bearing  formations,  which  had  been  traced  a  distance  of  over  a 
hundred  miles.  It  was  thought  that  a  similarly  profound  non- 
conformity probably  existed  in  Michigan  and  Wisconsin.  With- 
out it  there  could  be  but  little  progress  made  in  any  attempt  at 
co-relation  between  the  roclis  on  the  opposite  sides  of  the  lalie 
Superior  basin.  The  discovery  of  evidences  of  this  great  brealc 
in  the  iron-bearing  series  at  the  typical  localities  in  the  well- 
known  mining  region  of  Marq^uette  brought  about  a  general 
concordance  between  the  Archaean  and  Taconic  geology  of 
Minnesota  and  that  of  Michigan  and  Wisconsin,  and  at  once 
confirmed  the  grand  conclusions  which  had  been  reached  from 
a  field  study  of  the  same  rocks  in  Minnesota. 

Subsequently  Prof,  Van  Hise,  in  reviewing  the  "Apparently 
conflicting  views  of  lake  Superior  stratigraphy,""*  attempted 
to  show  that  not  only  had^tbis  non- conformity  bepn  seen  and 
recognized  by  several  other  geologists,  but  that  the  explanation 
given  by  the  writer  was  incorrect.  As  this  is  an  important 
point  as  to  the  correctness  and  priority  of  this  interpretation  it 
will  be  well  to  review  briefly  the  evidence  adduced  by  Prof.  Van 
Hise. 

He  refers  to  Poster,  and  Foster  and  Whitney***,  and  to  T.  B. 
Brooksf,  C.  Romingert,  M.  E.  Wadsworthg  and  R.  D.  Irvmgiig. 

An  examination  of  this  literature  shows  the  following  facts: 
Mr.  J.  W.  Poster  made  a  reconnoissance  under  the  direction  of 
Dr.  C,  T,  Jackson  in  Sept..  1848,  of  "the  country  lying  between 
lake  Superior  and  Green  bay."    His  report  is  dated  Boston. 


•SIxMenth  Anaual  Beporl  Minnosota  OeoloKlcitl  Ijurvey.  pp  13'19,  lor  tb«  r«>r  ISST. 
Sabmltted  lor  publlCHtlon  March  20. 1888.    ' 

**  Amerlcau  Jounml  ol  Bcleuce.  [3].  XLI.  1IT. 

"•Beporti  on  the  mineral  lands  of  lake  Superior.  J.  W.  Foster.  Ex.  Doos..  IMB-IS,  Snd 
fiarles,  aoth  ConRress.  vol.  II.  no.  2,  p.  ISl,  Oeolog;  of  the  lake  Superior  tt.ni  Alalriet.  J. 
W.  Foster  and  J.  D.  Whitney.  Senate  Doca  ,1B51,  Spec.  Seas.  a2nd  ConK.,vol.  III.  no.  4.  pp 
23,  [!Sl,ta,aiidCT. 

+  Iron-bearlDR  rocks  oI  the  Dpper  Peninsula  of  Michigan.  Hlcblgui  Geoloclcal 
Survoy,  JB73.  vol.  11,  pp.  IS8-I8S,  133. 

t  Upper  Peninsula  of  Hlohlgau.    Hlcli.  Qeol.  Survey,  1881,  vol.lv,  pp.T4-79. 

I  Notes  OD  the  geology  of  the  Iron  and  copper  dlsttlcts  of  lake  Supoclor.  Bull. 
Mus  Comp.  2ool..lS80.  vol.  vll,  pp, 30-31. 

H  Pretlmlaary  paper  on  an  Investigation  ot  the  Aroheaa  toTniatlons  of  theNorth- 
wect«rn  Ktatea.     Plflh  Ann.  Rept,  U   S.OeOl.  Survey.  1B85,  p.  igs. 


Digitized  by 


Google 


STATE   GEOLOGIST.  89 

May  26,  1849.  On  p.  759"  he  states:  "  We  explored  this  ridge 
OQ  section  1,  township  46,  range  30,  and  found  that  it  is  com- 
posed for  the  most  part  of  nearly  pure  specular  oxide  of  iron 
(fer  oligist^).  It  shoots  up  in  a  perpendicular  cliff  one  hun- 
dred and  thirteen  feet  in  hight,  so  pure  that  it  is  difficult  to  de- 
termine its  mineral  associations. 

We  passed  along  the  base  of  this  cliff  more  than  a  quarter  of 
a  mile,  seeking  for  some  gap  through  which  we  might  pass  and 
gain  the  summit.  At  length  after  much  ^il.  and  by  clambering 
from  one  point  to  another,  we  succeeded.  Passing  along  the 
brow  of  the  clifl,  forty  feet,  the  mass  was  comparatively  pure; 
then  succeeded  a.  bed  of  quartz  composed  of  rounded  grains, 
with  small  specks  of  iron  disseminated,  and  large  rounded 
masses  of  the  same  material  enclosed  constituting  a  conglome- 
rate. This  bed  was  fifteen  feet  in  thickness,  and  was  succeeded 
again  by  specular  iron,  exposed  in  places  to  the  width  of  one 
hundred  feet,  but  soil  and  trees  prevented  our  determiniug  its 
vidth. " 

The  place  here  described  is  about  one  mile  northwest  of  Re- 
public mountain,  and  undoubtedly  In  the  same  general  belt. 
There  is  here  no  evidence  that  Mr.  Poster  realized  the  signifi- 
cance of  this  conglomerate.  He  only  says,  regarding  it,  "con- 
stituting a  conglomerate,"  without  drawing  any  inference.  In- 
deed, considering  the  grand  conclusion  which  Messrs.  Foster 
and  Whitney  reached  concerning  the  divisibility  of  the  Azoic, 
it  would  hardly  be  a  fair  interpretation  to  .suppose  that  he  here 
knew  he  was  at  the  horizon  of  the  most  profound  and  wide- 
spread non- conformity  known  in  the  region. 

The  first  reference  to  Foster  and  Whitney's  report  on  the  lake 
Superior  land  district,  (p.  23,  it  is  actually  on  p.  22, )  is  in  al- 
most the  same  terms  as  that  quoted  above,  and  is  evidently  the 
result  of  the  same  visit.  Its  most  important  variation  from  the 
original  of  Mr.  Foster  is  the  insertion  after  the  word  '  'conglom- 
erate," of  the  words  or  breccia,  thus  allowing  the  possible  hy- 
pothesis which  is  more  fully  brought  out  on  page  43. 

*  This  qootatlon  1h  front  that  amnlum  oath<n(m  o[  geological,  mlneralogtoal,  topo- 
(Ttpblcal.  barometrical  and  botanical  reimrts  usually  koowu  as  Jaokton'i  report,  al- 
tboagb  la  the  same  oolleotloo  U  (oiind  also  the  prelimlDary  report  ot  Foster  aod 
Whitney,  dated  Nov:  S.  1MB,  glilog  llsta  of  lands  which  they  reoommendod  to  be 
ceaerred  tor  mlneralB,  and  "Beiforta  on  the  linear  sarveya. with  reference  to  inlneB  and 
rDlneiali  In  the  norlbem  pealnaula  ot  Hlcblgan  In  the  years  1S49  and  18te,"  by 
WlUluD  A.  Bart.Bela  Hubbard.  S.  W.  Hlgglus  and  others,  under  Dr.  Houghton's 
contract.  It  was  the  reaiill  evidently  ot  giving  to  the  public  printer  all  the  reports 
ucomulated  alncelSU  on  tbereglon  of  northern  Michigan,  without  editing,  and  the 
pablicsUon  ot  the  same  without  any  attempt  to  give  tbem  any  logloal  orchronologl- 
0*1  order. 
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The  second  reference  to  Foster  and  Whitney  (p.  43),  is  in 
the  following  terms:  "On  the  line  between  sections  29  and  32 
[T.  46,  ranges  26  and  27  ],  is  a  remarkable  knob  of  conglomerate, 
alike  interesting  from  the  fact  that  such  a  form  of  rock  is  of 
rare  occurrence  among  the  Azoic  series  of  this  district,  and 
from  its  intimate  connection  with  the  origin  of  the  masses  of 
iron  in  its  vicinity.  The  conglomerate  forms  here  an  isolated, 
rounded  elevation  rising  at  least  100  feet  above  the  general 
level.  It  is  made  up  of  coarse  blocks  of  various  sorts  which  be- 
long to  the  neighboring  trappean  and  slaty  beds,  and  are  of 
very  considerable  dimensions.  Among  them  we  recognized  not 
only  fragments  of  the  rock  associated  with  the  iron,  but  masses 
of  the  iron  itself,  and  of  the  banded  and  jaspery  varieties. 
Most  of  the  fragments  of  this- remarkable  breccia  are  but 
slightly  rounded  and  worn  on  their  edges,  having  in  this  re 
spect  much  more  the  appearance  of  a  friction-conglomerate 
than  of  one  in  which  the  long  continued  actioh  of  water  had 
played  a  part.  The  blocks  are  cemented  together  by  a  very 
hard  ferruginous  paste.  -  The  nature  of  the  surrounding  conn- 
try,  covered  with  soil  and  forest  trees,  prevented  us  from  sat 
isfactorily  tracing  its  connection  with  the  adjoining  rocks. 
We  are  inclined,  however,  to  regard  it  as  connected  with  the 
eruption  of  thn  adjacent  granite,  and  rather  as  the  effect  of  the 
crushing  and  elevating  forces  which  such  an  elevation  must 
have  called  into  play.  If  this  is  the  case  it  may  be  considered 
as  analogous,  in  its  mode  of  formation,  to  the  conglomerates  of 
Keweenaw  point.  A  fact  worthy  of  notice  in  this  connection  is. 
that,  in  spite  of  the  heterogeneous  structure  of  the  mass,  it  ex- 
hibits a  distinct  tendency  to  separate  or  flake  off  in  thick  con- 
centric layers  like  some  eruptive  granites. 

The  nature  of  the  fragments  composing  this  breccia,  and  of 
the  cement  by  which  they  are  united,  proves  conclusively  that 
the  process  of  formation  of  the  ores  of  Iron,  and  the  impregna- 
tion of  the  slaty  rocks  with  metallic  matter,  must  have 
been  one  of  long  continuance  and  not  a  merely*  momentary 
operation.  The  various  kinds  of  ore  must  have  been  in  exist- 
ence before  the  formation  of  this  mass,  but  they  were  subse- 
quently broken  off  and  mingled  together  in  confusion.  Eman- 
ations of  metallic  matter  must  still  have  l>een  issuing  from 
l>eneath,  since  we  find  the  whole  deposit  thoroughly  impregnated 
with  it,  and  converted  into  one  firmly  coherent  mass." 

The  significance  of  this  extract  needs  no  elucidation.  It  is 
only  necessary  to  call  attention  to  its  l>earing  on  the  ioterpre- 
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tation  which  Prof.  Van  Hise  seems  inclined  to  give  it.  It  is 
plain  that  such  an  interpretation  would  have  been  repudiated 
at  OQce  by  the  gentlemen  responsible  for  the  words  quoted.  It 
was  presumed  by  them  that  they  saw  a  breccia  due  to  upheaval 
and  crushing  instead  of  a  conglomerate  marking  a  wide-spread 
non-conformity  in  the  "Azoic," 

The  third  reference  to  Poster  and  Whitney  (p.  67),  shows  the 
following: 

"The  Azoic  period  having  been  one  of  tong-coatiiiued  and 
violent  mechanical  action  there  is  no  reason  to  doubt  that  many 
of  the  strata  of  which  it  is  composed  may  have  been  derived 
from  the  ruins  of  previously  formed  rocks  of  the  same  age, 
both  sedimentary  and  igneous.  This  is  clearly  shown  to  be  the 
case  in  the  remarkable  knob  of  conglomerate  described  on  page 
43  [quot«d  above],  which  contains  rounded  fragments  of  the 
varioas  kinds  of  ore  found  in  the  adjacent. region." 

This  description  refers  to  the  same  occurrence  as  that  last 
noted,  and  simply  repeats  the  supposed  efiect  of  local  disturb- 
ances and  destruction  of  some  of  the  earlier  formed  rocks  of 
the  same  age.  It  would  be  very  far  from  the  truth  to  suppose 
that  Messrs.  Foster  and  Whitney  here  suggested  a  possible 
plane  of  separation  between  two  parts  of  the  Azoic,  for  it  was 
one  of  their  final  conclusions  that  the  Azoic  could  not  be  subdi- 
vided on  any  chronological  or  petrographical  basis  into  recog- 
nizable and  widespread  members. 

The  first  reference  to  T.  B.  Brooke  (in  vol.  i,  instead  of  vol. 
il)  shows  the  following: 

"The  upper  quartzyte  at  Republic  mountain  is  a  gray  mas- 
■sive  rock,  sometimes  banded,  and,  near  the  contact  with  the 
iron,  sometimes  conglomeritic,  containing  large  and  small 
Battened  fragments  of  flaggy  ore." 

The  second  statement  of  Broolis  referred  to  is: 

"Overlying  the  ore  formation  here  [Saginaw  and  New  Eng- 
land mines],  is  the  upper  quartzyte,  XIV,  dipping  at  a  low 
angle  to  the  north,  as  may  be  seen  just  north  of  the  Parsons 
mine.  This  quartzyte  again  comes  to  the  surface  about  half  a 
mile  north,  in  a  fiat  synclinal  where  it  again  dips  north  and  does 
not  rise  until  we  reach  the  new  Excelsior  mine,  owned  by  the 
Iron  Cliff  Co.,  which  is  shown  on  the  section. 

"Returning  to  the  New  England  mine  we  find  between  the 
ore  XIL  and  the  quartzyte  XIV,  a  mass  of  specular  conglom- 
erate, somewhat  similar  to  that  described  as  existing  at  the 
Republic  mountain,  where  it  was  regarded  as  belonging  to  the 
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ore  formation.  The  fact  that  it  overlies  the  pure  ore  at  this 
locality,  and  has  lithological  affinities  with  some  of  the  con- 
glomeritic  varieties  of  the  upper  quartz^te,  leads  me  to  doubt 
in  which  formation  it  should  be  included.  I  incline  to  the  view 
that  belongs  to  XIV." 

There  is  no  indication  in  this  that  Mr.  Brooks  thought  he 
here  was  at  a  separation  plane  of  great  importance.  Indeed 
bis  donbt  as  to  whether  the  conglomerate  belonged  with  the  ore 
or  with  the  quartzyte  shows  that  it  was  not  a  question,  in  his 
mind,  of  moment.  The  word  "formation"  here  was  simply  the 
general  word  used  to  designate  one  of  the  twenty  parts  into 
which  the  Huroniau  was  divided  by  him. 

The  reference  to  Dr.  Rominger's  report  shows  that  he  like- 
wise encountered  this  "brecciated"  condition  of  the  basal  por- 
tion of  the  quartzyte,  and  also  that  he  comes  nearest  of  any 
writer,  up  to  that  dale,  in  comprehending  its  import. 

"A  very  rich  seam  of  ore  is  almost  invariably  found  on  top 
of  thlB  jasper-banded  rock-series,  immediately  beneath  the 
quartzytes  which  form  the  terminal  strata  in  all  these  ex- 
posures- This  upper  ore  belt  is  almost  regularly  brecciated 
in  its  upper  part,  and  the  same  is  true  of  the  lower  quartzyte 
beds,  which  often  are  a  mixture  of  ore-fragments  with  quartzyte 
pieces  held  together  by  an  arenaceous  cement.  As  this  is  tte 
case  in  nearly  all  the  mines  of  the  district,  we  must  suggest  that  dis- 
turbances of  not  only  [i.  e.  not  merely]  a  local  extent  must  have  oc- 
curred at  the  end  of  this  era  of  iron  sediments." 

It  is  evident,  however,  not  alone  from -the  above  statement, 
but  from  many  references  to  the  probable  cause  of  these  irregu- 
larities which  are  scattered  through  Dr.  Rominger's  report,- 
that  he  entertained  a  view  similar  to  that  of  Messrs.  Foster  and 
Whitney.  Eruptive  action  of  igneous  rocks,  in  his  opinion,  was 
solely  responsible  for  these  breccias  and  plications.  So  far 
was  he  from  making  a  profound  stratigraphic  separation  of  the 
rocks  of  the  Marquette  district  at  the  base  of  this  conglomerate, 
as  one  might  suppose  from  the  fact  that  he  is  quoted  by  Prof. 
Van  Hise,  he  entirely  ignored  it,  and  extended  his  iron  group 
upward  so  as  to  include  it,  thus  separating  it  wholly  from  the 
quartzyte  with  which  it  belongs  and  of  which  it  presents  simply 
the  initial  phase.  It  was  after  the  writer  had  discovered  such 
phenomena  as  proved  the  duplicate  nature  of  the  iron-ore 
formation  in  Minnesota  that  he  studied  carefully  the  report  of 
Dr.  Rominger,  and  he  referred  to  his  (Rominger's)  report  to 
call  attention  to  facts  in  the  Marquette  district  which,  when 
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properly  interpreted,  bore  out  his  general  interpretation  of  the 
rocks  of  the  lake  Superior  basin,  and  showed  that  there  also 
there  were  two  non-conformable  iron-bearing  formations,  and 
that  there  were  two  iron  horizons  instead  of  one,  and  that  they 
could  be  stratigraphically  distinguished  if  time  should  be 
given,  by  a  competent  geologist,  to  work  it  out*. 

Prof.  Van  Hise's  quotation  from  Dr.  Wadsworth  is  as  follows: 
"These  [i.  e,  quartzytes  and  coarse  fragmentals]  of  course 
mark  old  beaches  water-worn  after  the  jasper  and  ore  were 
fn  situ  in  nearly  their  present  condition,  and,  if  the  logic  of  the 
geologists  of  the  Michigan  and  Wisconsin  surveys  were  canried 
out,  these  unconformable  detrital  formations  would  mark  a  new 
geological  age." 

When  it  is  remembered  that  the  chief  result  of  Dr.  Wads- 
worth's  effort  was  to  prove  the  jaspllyte  had  an  eruptive  origin, 
and  thus  to  controvert  the  "logic"  of  the  Michigan  and  Wiscon- 
sin geologiste,  and  that  he  attributes  such  appearances  to  the 
intrusion  of  the  ore  and  jasper  (jaspilyte)  through  the  sur- 
rounding rocks,  and  the  later  protrusion  of  the  granite  (t.  e. 
the  greisen  or  modified  quartzyte  as  at  Kepublic  Mountain) 
through  the  jaspilyte  and  earlie;  rocks,  no  one  should  have  the 
hardihood  to  quote  him  as  authority  for  the  structural  break 
that  is  here  considered.  That  he  saw,  as  others  did,  the  rocks 
exhibiting  these  structures,  is  of  no  import  so  long  as  he  did 
not  assign  the  structures  to  their  proper  cause.  Again,  the 
writer  has  never,  as  yet,  encountered  a  statement  of  the  "logic" 
to  which  Dr.  Wadsworth  refers,  applied  to  this  horizon  in  the 
iron  regions  of  Michigan  and  Wisconsin,  prior  to  the  date  of 
Wadsworth's  paper.  Logic  of  that  kind  applied  to  this  impor- 
tant horizon  would  have  constituted  one  of  the  brightest  spots  in 
the  able  reports  of  the  geologists  of  Wisconsin  and  Michigan, 
and  would  ere  this  have  attracted  much  attention. 

As  to  Prof.  Irving,  Prof.  Van  Hise  makes  the  following  re- 
markable statement; 

"The  real  significance  of  the  break  was  recognized  by  Prof. 
Irving,  who  not  only  found  it  in  the  Marquette  district  but 
knew  of  its  equivalent  in  the  Vermilion  lake  district  of 
Minnesota." 

For  authority  for  this  statement  he  quotes  the  following 
from  Prof.  Irving's  paper  on  a  "Preliminary  investigation  of 
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the  Archean  formations  ot  the  Northwestern  States,"  in  the 
Fifth  Annual  Report  of  the  United  States  Gleological  Survey, 
published  in  1885,  p.  193. 

' '  I  refer  to  the  occurrence  in  the  quartzytes  overlying  the 
ores,  at  several  of  the  Marquette  mines,  of  abundant  rounded 
fragments  derived  from  the  ore  below.  A  very  much  more  strik- 
ing occurrence  of  this  kind  is  met  with  in  the  Vermilion  lake 
district  of  Minnesota  where  the  fragments  included  in  the  con- 
glomerate overlying  the  iron  belt  are  often  several  feet  in  length 
and  angular.  That  these  fragments  prove  the  existence  of  the 
jaspery  and  chalcedonic  material  in  its  present  condition  Iiefore 
the  formation  of  the  quartzyte  is  sufficiently  evident." 

Par  be  it  from  the  writer  to  attempt  to  detract  from  the 
biilliant  halo  that  surrounds  justly  the  name  of  Irving.  Par 
be  it  also  from  the  writer  to  put  words  and  sentiments  upon 
his  pen  which  do  not  belong  there.  Justice  is  keen-eyed,  and 
will  allow  no  more  favors  to  a  deceased  geologist  than  she 
would  to  him  when  living.  That  is  all  that  Prof.  Irving  would 
ask  of  his  successors,  and  that  is  no  less  than  his  successors 
are  bound  to  yield  to  his  work.  It  is  found  sometimes  that  it 
is  an  injustice  to  attribute  opinions  to  a  geologist  which  he 
does  not  entertain,  and  which  he  may  never  have  expressed. 
It  appears  to  the  writer  that  Prof.  Van  Hise  is  liable  to  a 
charge  of  such  injustice  toward  Irving,  not  to  mention  others. 

There  is  a  speciousness  in  the  manner  of  presenting  Prof. 
Irving's  statement  which  can  only  be  made  apparent  by  a 
slight  consideration  of  the  subject.  It  will  be  found,  on  con- 
sulting the  fifth  report  of  the  U.  8.  Geological  Survey,  page 
193,  and  some  [of  his  later  papers,  that  three  very  important 
facts  are  suppressed  by  Prof.  Van  Hise.  which  bear  directly  on 
the  understanding  that  should  be  entertained  of  Prot  Irving's 
statement,  viz.: 

1.  Irving  does  not  give  the  facts  on  his  own  authority,  but 
on  the  authority  of  Dr.  Wadsworth.     He  says  : 

"  Wadsworth  has  drawn  attention  to  a  very  interesting  oc- 
currence at  numbers  of  points  in  the  Marquette  region,  and  has 
made  use  of  it  to  sustain  his  theory  of  the  eruptive  origin  of  the 
jaspery  ores.  I  refer  to  the  occurrence  in  the  quartzyte"  etc., 
as  quoted  above. 

2.  Irving  is  not  discussing  the  stratigraphy  in  this  connec- 
tion, nor  any  question  connected  with  the  stratigraphy  of  the 
rocks  of  the  region,  but  the  origin  of  the  cherts  and  the  ores. 
His  desire  is  to  bring  out  the  fact,  which  is  a  very  important 
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one,  that  the  are  was  completed  in  its  coTistruction  and  composition 
during  the  time  of  tke  formation  in  which  it  is  found,  and  that, 
infereutially,  there  has' been  no  progressiTe  accumulation  or 
concentration  of  the  ores,  at  least  on  a  grand  scale,  in  subse- 
quent time. 

3.  Prof.  Irving  did  not  look  upon  this  as  a  break,  or  non- 
conformity in  the  stratification,  either  at  this  time  or  subse- 
quently. This  is  evident  from  the  fact  that  he  puts  into  his 
upper,  or '"iron  bearing  member"  all  the  strata  here  concerned-, 
viz..thequartzyte,  the  conglomerate,  the  iron  ore  and  the  green 
schist  His  plane  of  separation  was  largely  a  theoretical  one, 
derived  from  a  consideration  of  the  difference  in  crystalline 
condition  manifested  by  the  two  ends  of  the  series.  The  upper 
one  he  found  to  be  evidently  clastic,  and  but  little  crystalline, 
the  lower  he  found  wholly  crystalline.  The  separation  was  by 
htm  put  between  these  distinctions,  and  he  placed  It  theoreti- 
cally above  the  crystalline  schists  and  the  Laurentian.  In  no 
place  does  he  refer  to  this  plane  of  nonconformity  with  the 
proper  understanding  of  it.  He  refers  to  the  contact  of  the 
"quartztye"  upon  the  Laurentian,  but  he  then,  in  all  cases  sup- 
poses he  is  considering  a.quartzyte  nnderlying  all  the  ore,  and 
(if  he  mentions  it)  also  the  green  schists.  His  plane  of  non- 
conformity would  apparently  be  that  which  Dr.  Wadsworth  has 
more  lately  reported  to  occur  between  his  Cascade  and  Republic 
formations,  where  he  describes  a  conglomerate  like  that  which 
exists  at  the  plane  under  consideration.*  This  lower  break  also 
has  been  noted  by  Van  Hise  in  the  same  paper  here  criticised 
p.  117),  It  is  a  curious  fact,  however,  that  while  Irving  theo- 
retically referred  to  this  lower  break,  all  his  cited  examples 
belong  to  the  upper,  and  that  he  failed  to  give  significance  to 
it  at  the  horizon  to  which  his  examples  pertain.  Of  this  error 
Dr.  Wadsworth  has  said: 

"  WhUe  Irving  was  correct  [though  at  a  later  date  than  the 
writing  of  this  paper  quoted  by  Prof.  Van  Hise — N.  H.  W.]  in 
the  observation  of  the  conglomerates,  he  was  wrong  in  his 
views  of  their  position  in  the  geological  column,  and  thus 
actually  overturned  the  series.  This  mistake  of  Irving's  exer- 
cised a  powerful  infiuence  upon  his  work  and  upon  his  views 
concerning  the  origin  of  the  iron  ores  and  the  jaspilyte. 

"  It  is  very  unfortunate  and  confusing  in  the  history  of  geo- 
logical opinion  concerning  these  basement  conglomerates,  that 
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Van  Hise  has  overlooked  this  mistake  of  Irving's,  and  speaks 
as  if  Irving  had  the  same  views  as  himself,  i.  e.  that  the  con- 
glomerates overlie  the  lower  series  of  iron-bearing  rocks,  when 
Irving  clearly  and  distinctly  held  that  these  conglomerafes 
were  at  the  base  of  all  the  iron-bearing  rocks,"  Op.  cit.p.  114. 

It  is  plain,  therefore,  that  Prof,  Irving  did  not  "recognise  the 
significance  of  this  break,"  aa  claimed  by  Prof.  Van  Hise.  It 
is  also  plain  that  no  one  understood  it  prior  to  the  interpreta- 
tion pat  on  it  by  the  writer  in  the  16th  annual  report  of  the 
Minnesota  survey,  pp.  43-47,  1887.  Instead  of  admitting  this 
priority.  Prof.  Van  Hise  diverts  the  reader  by  inconsequential 
criticisms  of  some  of  the  details  of  the  illustration  accompany- 
ing the  description. 

It  is  not  necessary  here  to  enter  into  the  question  of  the  ex- 
istence, or  not,  of  such  a  break  in  the  Vermilion  Id-ke  district. 
It  is  only  necessary  to  repeat  that  in  Prof.  Irving's  reference 
to  that  region,  in  this  connection,  he  does  not  intimate  that 
there  is  any  such  break.  He  only  refers  to  evidence  which  he 
had  seen  there  that  shows  the  iron  ore  was  fully  formed  prior 
to  a  fracturing  which  it  snSered.  The  large  pieces  "several 
feet  in  diameter"  evidently  were  part^  of  a  remarkable  breccia 
which  has  since  been  examined  in  the  region  north  of  Soadan. 
Mo  data  were  given  by  Irving  to  show  where  his  observatiou 
was  made,  but  as  the  members  of  the  Minnesota  survey  have 
not  been  able  to  find  any  conglomerate  holding  such  pieces,  but 
only  coarse  breccias  (reibungs  breccias)  which  could  not  at  all 
answer  to  the  brief  description  given  by  Irving,  it  is  sufficient  to 
say  that  probably  the  feature  seen  by  him  at  Tower,  should  not 
be  considered  as  pertaining  to  the  horizon  of  the  conglomerate 
now  known  at  Marquette. 
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The  re-ezaminatioD  of  the  Saginaw  mine  resulted  (in  May, 
1693)  in  no  material  correction  of  the  views  presented  in  the 
16th  Minnesota  report  already  referred  to.  At  the  western 
opening,  which  is  nearest  the  Goodrich  mine,  the  stratigraphio 
relations  were  sketched  carefully,  as  shown  in  the  figure  oppo- 
site (Pig.  1). 

At  this  pit  the  later  iron-bearing  strata  lie  noc-conformably  ' 
*upon  the  older.  The  jaspilyte  is  seen  to  fade  out  into  the  green 
schist.  The  overly- 
ing conglomerate  is 
coarse  with  water- 
worn  quartz  and  jas- 
pilyte pebbles,  and 
with  mach  iron.  It 
is  simply  the  basal 
conglomerate  of  the 
Taconic  affected  by 
proximity  to  the  jas- 
pilyte beds  of  the 
Keewatin.  The  slop- 
ing shafts  are  run 
mainly  in  the  green- 
stone, below  the  con- 
glomerate, but  the ' 
ore  worked  is  asso 
ciated  with  the  Ta- 
conic conglomerate. 
The  exact  contact  of 
the  conglomerate  on  ■ 
the  greenstone  is  in- 
distinct, as  it  is  often 
on  granite,  but  the  ' 
dip,  sti*uctare  and 
lithology  change 
within  the  space  of 
six  or  twelve  inches. 
The  fragmental  iron 
here  worked  was  in 
the  Taconic,  very 
different  from  that 
at  Republic,  though 
the  ore  from  the  two 
is  essentially  the 
same.     The  eastern  ria.  s.-Be<!tioii  n.  and  s. 
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Opening  of  the  Saginaw  mine  is  that  examined  and  figured  by 
the  writer  in  the  Sixteenth  Minnesota  report.  Here  the  con- 
glomerate lies  also  non-conformable  on  the  Keewatin,  and  the 
latter  consists  partly  of  greenstone  and  partly  of  a  poor  hema- 
tite— an  ore  that  is  siliceous  and  grayish,  rarely  banded  like 
the  jaspilyte  of  the  formation— yet  distinctly  Keewatin,  al- 
'  though  hardly  an  ore  of  any  merchantable  quality.  At  this 
particular  point  there  is  an  inclination  northward  in  the  Kee-* 
watin  jaspilyte,  and  that  is  the  ore  formation  represented  in 
the  figure  in  the  sixteenth  report  as  unconformably  under  the 
conglomerate.  The  two  approximate  the  same  dip,  though 
they  do  not  have  the  same.  The  figure  is  here  repeated.  It 
needs  no  correction  (Fig.  2). 

It  is  apparent  that  the  criticism  of  Prof.  Van  Hise  is  wholly 
gratuitous  and  misapplied.  These  figures  sire  produced  from 
sketches  at  the  Saginaw  mine,  while  he  assigns  them  (at  least 
the  latter)  to  the  Goodrich  mine,  of  which  he  gives  a  diagram*. 

At  the  Groodrich  mine  the  following  diagram  was  drawn, 
which  is  quite  different  from  that  shown  by  Prof.  Van  Hise, 
from  the  same  mine.  This  was  made  at  a  point  some  distance 
east  of  the  large  open  pit,  and  on  higher  ground.  It  is  evident 
that  the  direction  of  structure  in  the  jaspilyte  bands  is  contin- 
ually changing,  and  that  it  is  a  character  of  no  importance, 
whether  they  are  nearly  parallel  or  nearly  perpendicular  to 
the  bedding  of  the  conglomerate.  The  jaspilyte  here  is  nearly 
perpendicular,  twisted,  but  in  the  main  running  about  east  and 
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west.  On  the  very  summit  of  this  ridge  is  a  bared  spot  which 
fortunately  shows  the  exact  contact  of  the  conglomerate, 
mostly  made  up  of  fragments  from  the  jaspilyte,  upon  the  jas- 
pilyte itself.     This  line  of  contact  is  traceable,  on  the  top  of 
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the  knob,  for  a  distance  of  25  feet.  This  is  alon^  the  south 
side  of  the  main  pit,  but  north  of  another  pit  and  deep  working 
which  has  really  been  done  in  the  Keewatin.  Here,  then,  we 
have  both  formations  iron-bearing  and  both  considerably 
wrought.  The  shaft  and  working  in  the  base  of  the  Taconic 
slopes  north  about  coincident  with  the  dip  of  the  congloMerate, 
and  is  quite  regular,  compared  with  the  crooked  shaft  and  un- 
derground working  in  the  Keewatin  which  resembles  the  early 
Breitong  mine  at  Tower.  The  ore  from  the  conglomerate  is 
bard  and  specular,  and,  as  ore,  is  good,  but  it  embraces  pebbles 
of  quartz  and  jasper,  and  is  too  poor  for  that  reason.  Still 
there  is  no  doubt  that  much  good  ore  was  taken  out  here  both 
from  the  Keewatin  and  from  the  Taconic. 

This  conglomerate  becomes  a  well  characterized  white  or 
reddish  fragmental  quartzy te  at  points  remote  from  the  outcrops 
of  the  Keewatin  hematite:  These  observations  are  very  im- 
portant, and  show,  as  I  have  before  contended,  that  there  are 
two  non -conformable  iron  formations  even  in  the  original  Mar- 
qoette  region.  The  Taconic  ore  here  is  wholly  of  fragmental 
secondary  origin,  i.  c,  it  is  derived  IxKiily,  in  form  of  detritus, 
from  the  underlying  Keewatin.  and  there  is  no  possibility  of 
applying  to  it  any  substitution  hypothesis  to  account  for  its 
origin  here.  The  soft  ore  horizon  of  the  Gogebic  and  Mesabi 
ranges  is  entirely  above  this  conglomerate. 


THE  POTSDAM  SANDSTONE  AT  POTSDAM,  N.  Y. 

An  excursion  was  made,  in  company  with  Dr.  U.  S.  Grant 
and  Mr.  Charles  Schuchert,  into  the  region  of  the  northern 
slopes  of  the  Adirondacks.  It  is  a  singular  fact  that  this 
region,  in  which  centers  ihe  discussion  of  one  of  the  perplex- 
ing problems  of  Paleozoic  geology  in  the  United  States,  has 
been  substantially  unexamined  since  the  early  work  of  Em- 
mons and  Mather,  and  that  the  uncertainty  as  to  the  age  of  the 
tme  Potsdam  sandstone  has  rather  increased  as  time  has 
passed.  This  has  resulted  from  the  error  which  was  made  by 
the  early  geologists  who  dealt  with  the  "Potsdam  sand- 
^^  applying  that  term   to  sandstones  which,    strati- 

[i^^'~'^|BftUy,  are  widely  separated  from  each  other,  and  to  the 
poO  ^|tf>f  determining  to  which  of  these  horizons  the  true 
I  tb^         ^elongs.     It  was  hoped  that  an  examination  at  a  few 
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points  would  tend  to  solve  the  uacertainty*.  The  following 
notes  were  made. 

Approaching  the  region  from  the  northwest  it  was  noticed 
that  the  country  between  Pembroke  and  Carlton  JunctJon 
(Canada),  as  well  as  much  of  that  south  to  Brockville,  has 
been  loDg  submerged.  The  surface  consists  of  a  fine  lamina- 
ted, gray  clay,  sometimes  seen  15  feet  thick,  without  boulders 
or  stones,  and  makes  fine  farms. 

Sandstone.  At  Brockville  is  a  hard,  nearly  white  quartzyte. 
The  same  rock  appears  in  islands  in  the  St.  Lawrence  river, 
and  along  the  shore  at  Morristowa,  where  it  is  used,  at  the 
docks,  for  crib-filling.  At  the  last  place  it  is  partially  red,  or 
reddish,  bedded,  weathering,  at  the  river  bank,  into  l^ers 
from  two  to  four  inches  thick.  Prom  four  to  siz  feet  in  a  per- 
pendicular section  are  exposed  at  the  dock.  Between  Morris- 
town  and  Philadelphia  this  rock  is  seen  much  of  the  way.  It 
is  considerably  quarried  at  several  places,  rising  into  hills  and 
ridges  from  20  to  50  feet  high.  Erosion  gorges  are  cut  in  it  to 
some  extent,  and  these  hills  and  ridges  are  the  remnants  left  by 
such  erosion.  It  appears  to  underlie  some  of  the  fiat  areas,  but  a 
few  inches  or  feet  below  the  surface,  in  a  nearly  borizoutal  po- 
sition, and  in  other  places  ii  is  tilted  in  one  direction  or  the 
other,  forming  undulations.  When  broken,  as  in  frequent 
anticlines,  the  strike  is  boldly  presented.  In  the  railroad 
grade  cuts  this  rock  is  angular,  sharp,  rigid,  much  jointed. 
Along  with  these  quartzyte  exposures  are  also  ridges  of  gran- 
ite, especially  toward  Morrislown.  Indeed  the  road  seems  to 
cut  through  a  granite  area  for  many  miles  soon  after  leaving 
that  town.  The  granite  is  reddish,  both  coarse  and  fine,  and 
from  the  train  could  not,  in  some  cases,  be  distinguished  from 


*  since  ttala  visit,  whioh  vu*  mwle  la  Maj.  1891.  two  geologists  of  New  York  bax 
made  exomltiaitloiiB  la  aome  of  the  northern  portions  of  tho  Adlrondncka.  and  their 
prellmlaarr  reports  are  published  In  the  Translations  of  tbe  New  York  Aoademr  oT 
Sciences,  Vol,  XII.  ISffl.  "  A  eBologlCal  Kaconoolmance  In  the  Tlolnltyof  Ooarer- 
□eur,  N.  Y."  O.  H.  Smith.  Jr.;  '-A  review  of  work  hitherto  done  on  the  Qeology  of 
the  Adlrondacks."  J.  F.  RmMP.  Tbe  latter  slvei  a  snmmaryof  theaoant  lltaratnre 
pertaining  to  thU  region  prior  to  1892,  thus  concluding:  "In  summing  up  the  sed^y 
of  the  Adlrondacks  It  may  be  stated  that  the  tallowing  views  relative  to  the  strati- 
graphy of  the  orystalllne  rocks  have  been  held : 

[.  It  has  bean  usually  believed  that  the  gneisses  are  the  oldest  and  are  mstaraor- 
phosed  sediments;  that  the  norytes  are  later,  some  regarding  them  as  Igneous  and 
others  as  metamorphosed  sediments;  that  the  Utaestoaes  are  latest  of  all. 

If  this  be  admitted  and  the  oorytes  be  regarded  as  Igneous  iDtniBlons,  how  Is  It 
that  no  dykes  or  apophyses  have  been  mentioned  as  radiating  or  offsetting  from  this 
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the  red  quartzyte.  A  conspicuous  hQl  range,  rising  two  hun- 
dred feet,  more  or  less,  extends  for  many  miles  parallel  with 
the  railroad,  southwardly,  beginning  a  Yew  miles  from  Morris- 
town.  Its  form  and  persistence,  and  its  rather  uniform  hight, 
seem  to  indicate  that  it  marks  the  strike  of  some  of  the  quartz- 
yte, although  by  the  rulroad  the  onl^  rock  seen  -was  granite. 

At  Philadelphia  the  underlying  rock  is  grahite.  It  is  ex- 
posed at  jinmerous  places  in  the  village,  and  especially  along 
the  course  of  Indian  river.  The  rock  weathers  reddish  but 
within  it  is  a  dark  gray,  assuming  a  purplish  tint 

The  Potsdam  quarries  are  on  the  Racket  river  about  thl^e 
miles  east-southeast  from  Potsdam.  Some  of  them  have  been 
worked  for  sixty  years.  At  Clarkson's  quarry  the  rock  is  light 
red  or  pink.  It  dips  west  mainly,  at  an  angle  of  30  deg.,  but 
on  account  of  false  bedding  some  of  it  dips  more  and  some  less, 
one  large  layer  lying  about  horizontal.  At  Merritt  and  Tap- 
pan'B  quarry,  which  is  on  the  river  half  a  mile  southwest  from 
Clarkson's,  we  come  to  a  deep  and  old  quarry,  formerly  known 
as  Cox's  quarry,  one  that  was  running  probably  when  Emmons 
visited  the  region.  The  rock  here  is  similar  to  that  at  Clark- 
son's,  but  is  marked  by  conspicuous  color  bands  of  light'  pink 
and  brownish  red,  coincident  with  the  stratification.  These 
give  the  large  slabs,  on  their  broken  edges,  a  bizarre  appear- 
ance. In  general  the  rock  between  here  and  Clarkson's  quarry 
should  underlie  this.  It  is  darker  colored.  But  at  this  quarry 
there  is  a  synclinal  structure,  and  the  quarrying  has  gone  down 
in  the  trough  of  the  syncline,  to  the  depth  of  30  or  40  feet  be- 
low the  surface  of  the  river.  The  dip  on  one  side  is  about  25 
deg.  S.,  twd  on  the  other  it  is  about  15  deg.  N.  We  saw  at 
Potedam  a  great  variety  of  the  sandstone  quarried  at  Ham- 
mond, which  is  in  the  extreme  western  part  of  St.  Lawrence 
county,  southwest  from  Morristown.  While  it  is  all  rather 
softer  than  any  quarried  at  Potsdam,  and  nearly  all  of  it  white, 
or  nearly  white,  like  the  St.  Croix  sandstone  in  Minnesota,  and 
especially  like  the  white  (or  nearly  white)  sandstone  seen  at 
Morristown,  &c.,  yet  there  are  some  slabs  nearly  as  uniformly 
red  as  the  Potsdun  rock,  and  some  that  are  spotted  in  the  man- 
ner of  the  sandstone  at  the  falls  of  the  St.  Mary's  river,  at  the 
east  end  of  lake  Superior. 

A\  about  a  mile  and  a  half  below  Potsdam,  at  the  river's  bank, 
just  above  the  saw-mill,  is  a  gray  to  white  sandrock  which 
presents  an  irregular  surface  exposure.  It  has  been  quarried 
to  a  small  extent.     It  is  mainly  horizontal,  and  its  upper  layers 

Dgiize..;,  Google 


102  TWBNTY-FIEST   ANNUAL   REPORT 

or  its  upper  surface,  at  least,  is  rougheDed  by  remnants  of 
fucoidal  marks,  and  rusted  by,  apparently,  rotted  patches  of 
calcareous  rock,  or  pyrites.  The  total  surface  exposure  is  only 
about  two  feet,  and  the  rusty  disintegration  is  about  three  inches 
thick.  This  rock  looks  more  like  the  Brockville  and  Morris- 
town  rock. 

Three  and  a  half  miles  east  of  Malone  is  Paddock's  quarry, 
in  a  coarse,  light-colored  sandstone,  which  makes  ^ood,  but 
rather  fragile,  flagging,  worked  but  feebly.  The  rock-grain 
and  color  are  quite  different  from  the  Potsdam  sandstone,  yet 
there  is  a  light  reddish  tint  apparent  in  most  of  it,  as  well  as 
in  spote.  This  color  is  deepened  in  shade  in  a  manner  similar 
to  the  Sault  Ste.  Marie  sandstone,  but  in  general  is  lighter  than 
that.  It  is  affected  by  *false  bedding  in  a  rather  remarkable 
manner.  In  this  respect  it  is  like  the  Potsdam  sandstone  at 
Merritt  &  Tappan's-  The  following  sketeh  is  designed  to  shov 
the  false  bedding.     The  flags  are  rigid  though  only  1^  or  2 


Fio.  4.— Fiilae  beddlug  at  Fadaock's  qunrry. 

inches  in  thickness,  i.  e.  more  rigid  than  such  coarse  sand-rock 
can  usually  be.  The  grains  of  quartz  are  not  entirely  com- 
pacted by  cement,  but  there  are  vacant  interstices.  It  would 
appear,  from  the  false  bedding,  that  this'  sediment  was  laid 
down  in  a  very  turbulent  ocean,  and  one  that  was  constantly 
cutting  up  and  re-distributing  the  sediment  previously  ar- 
ranged, but  that  quieter  water  followed  the  turbulence.  The 
same  rock  has  a  slight  exposure  near  the  depot  at  Malone. 
While  these  strata  are  probably  later  than  the  strata  at  Pots- 
dam, it  is  impossible  to  affirm  that  they  do  not  belong  to  the 
same  general  age. 

At  Keeseville,  N.  Y.,  can  be  seen  a  conspicuous  white  sand- 
stone, or  quartzyte.  The  chasm  of  the  Au  Sable  cut  In  this 
rock  is  narrow  and  in  some  places  quite  crooked.  The  river 
follows  apparently  a  fissure  or  a  series  of  fissures  in  the  qiiarti- 
yte  which  is  also  otherwise  fiesured  and  faulted,  causing  local 
dipping  in  different  directions,  and  breccias  at  the  fault  lines. 
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Below  the  foot  of  the  stairway  one  can  walk  for  a  considerable 
distance  down  the  chasm,  following  a  natural  platform  on  the 
right  side  of  the  river.  The  rock  shows  various  local  changes 
in  dip,  making  sometimes  an  apparent  non-conformity  between 
two  formations.  One  such,  which  is  the  most  remarkable,  is 
at  "the  elbow,"  where  the  river  first  turns  at  a  right  angle. 
There  is  an  appearance  here  of  an  upper  sandstone  formation 
unconformable  on  a  lower.  This  idea  is  not  weakened  any  by  ■ 
the  obvious  contrast  in  the  lithology,  the  lower  one  {which 
forms  the  platform  along  which  one  walks  on  the  right  side) 
being  very  hard,  finer-grained  and  redder  than  the  upper,  and 
polished  by  the  friction  of  the  water  when  the  river  runs  over 
it.  This  polishing  was  noted  by  Emmons.  At  first  I  took  this 
for  a  plane  of  non- conformity,  but  similar  irregularities  occur 
further  down,,  some  of  them  being  in  the  supposed  upper  por- 
tion. Through  a  part  of  the  distance  down  to  the  narrow  place 
where  no  one  can  pass,  the  beds  dip  from  the  chasm  in  opposite, 
or  partly  opposite,  directions,  the  left-hand  cliff  having  fallen 
away  from  the  rocks  on  the  right  hand,  the  river  lying  in  the 
fissure.  The  strata  on  the  left  hand  side,  at  and  below  the  first 
elbow,  dip  conspicuously  into  the  left  bank.  At  another  narrow 
spot,  where  another  elbow  occurs,  in  the  opposite  direction, 
the  cause  of  the  location  of  the  river  is  seen.  Just  where  the 
river  turns  the  breccia-plane,  which  it  occupies  between  the 
two  elbows,  is  seen  in  the  angle  of  the  right  bank,  continuing 
on  across  the  formation  in  the  same  direction,  but  it  is  blocked 
up  and  filled  with  the  remaining  rock,  the  cliff  on  the  left-hand 
side  there  overhanging  the  breccia  plane,  falling  on  it  and 
tightening  it  so  as  to  keep  the  passage  closed.  .  Under  such  an 
obstruction  the  river,  in  some  earlier  portion  of  its  history,  had 
to  leave  the  course  of  the  fault  and  turn  m  the  left,  though 
here  it  also  occupies  another  fault  plane  which  crosses  the  for- 
mer nearly  at  a  right  angle.  Below  this  last  turn  the  chasm 
continues,  with  still  water,  while  above  it  the  river  runs  with  a 
rushing  and  noisy  current. 

At  Hanawa  falls,  near  Potsdam,  a  perpendicular  section  ex- 
posing about  30  feet  appears  below  the  falls.  The  right  bank 
here  seems  to  have  two  brecciated  or  fault  planes,  the  strata 
lying  about  as  shown  by  the  diagram  on  page  104. 

The  gneiss  and  marble.  At  the  rapids  in  the  Racket  river  at 
Potsdam,  is  a  peculiar  gneiss,  consisting  almost  entirely  of 
quartz.  The  grain  is  fine  and  uniform  in  size  and  has  a  sub- 
rounded  outline  surface,   and  bands  of  varying  composition 
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cross  the  rock  surface.  This  basding  is  emphasized  by  greater 
accumulation  of  lichens  on  some  than  on  others.  The  most 
lichenous  bands  are  red  within,  when  freshly  fractured,and  the 
intermediate  layers  are  lighter,  but  seem  to  have  some  specks 
of  chloritic  substance.  In  some  places  this  gneiss  becomes 
mica  schist,  which  is  visible  in  the  city.  It  is  cut  by  ancient 
dikes  of  a  basic  rock,  probably  originally  a  diabase,  which 
have  also  been  subjected  to  some  metamorphism.  The  dip 
cannot  be  made  out. 

We  made  an  excursion  westward  from  Potsdam  to  a  locality 
known  as  Crary's  mill,  situated  about  seven  miles  from  Pots- 
dam. At  five  and  a  half  miles  the  road  crossed  a  creek,  where 
at  the  north  side  of  the  road,  appears  a  gneissic  rock  contain 
ing  lenses  of  coarsely  crystalline  white  marble.  The  marble 
also  embraces  pebbles  and  angular  pieces  of  rocl^  which  is  now 
micaceous  and  quartzose.  Some  of  these  siliceous  pieces  are 
banded  with  sedimentary  structure. 


At  Crary's  mill  similar  gneiss  appears  at  the  dam  dipping, 
like  the  last  mentioned,  W.  N.  W.  about  20  degrees.  There  is 
alsq  here  a  large  amount  of  marble  which  is  used  extensively 
for  economic  purposes,  principally  for  quicklime.  The  gneiss 
toward  the  east,  by  the  dip,  must  pass  below  the  marble,  which 
forms  an  extensive  belt,  and  is  traceable  for  several  miles  across 
the  country  southward.  The  marble  is  conglomeritic  (hut  the 
most  of  it  is  free  from  pebbles),  massive,  colored  by  bands  of 
sedimentation  all  dipping  uniformly  W.  N.  W.  It  is  said  lo 
maintain  this  dip  for  six  or  eight  miles  toward  the  south.  It 
appears  again  at  the  iron  location  of  Capt.  Wood,  about  five 
miles  south  from  Crary's  mill.  Here  the  marble  is  associated 
with  some  verde  antique  and  serpentine.  Occasionally  are  seen 
fine  alternations  of  red  jasper  and  hematite  in  paper-thin  films, 
but  these  are  about  the  exterior  portions  of  the  iron  masses,  and 
of  later  orfgin,  having  no  bearing  on  the  method  of  origin  of  the 
ore  itself.     The  iron  is  bright,  pure,  specular  hematite,  in 
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leoticular  masses  in  the  marble.  If  there  be  ao  irregularities 
iB  structure,  or  faults,  this  marble  must  lie  below  a  vast  thick- 
ness of  gneiss,  for  in  reaching  this  locality  we  passed,  fornearly 
three  miles — indeed  all  the  way  from  Crary's  mill — almost  per- 
pendicular to  the  strike,  the  dip  being  from  15  to  80  degrees 
"  all  tbe  way  W.  N.  W.  or  N,  However  there  may  be  a  succes- 
sion of  faults,  causing  a  reduplication  of  the  same  section. 
The  working  is  small,  and  is  abandoned,  apparently  from  lack 
of  a  sufficient  supply  of  ore.  The  dip  of  the  marble  cannot  be 
made  out,  as  the  whole  exposure  is  confused  and  rotted;  but 
immediately  north  of  the  most  northern  pits  is  a  range  of 
gneiss  dipping  N.  E. 

At  an  iron  exploration  situated  a  quarter  of  a  mile  from  the 
river,  about  four  miles  E.  S-  E.  from  Potsdam,  the  rock  shifted 
is  a  conglomerate  which,  from  the  geographical  position,  is 
probably  the  bottom  portion  of  the  Potsdam  sandstone.  In 
association  with  this  conglomerate  is  some  red  hematite,  rather 
soft,  but  yet  firm,  as  an  ore,  anA  apparently  of  fragmental 
origin.  Below  this  conglomerate  the  exploration  was  continued 
by  diamond  drill  about  50  feet,  and  the  cores  brought  out,  some 
of  which  still  lie  about  the  drilled  hole,  disclosed  a  serpentinons 
marble  comparable  with  that  seen  at  Capt.  Wood's.  The  drill 
happened  to  strike  no  hematite  in  this  distance,  but,  from  the 
existence  of  the  fragmental  hematit«  in  the  conglomerate,  and 
the  existence  of  hematite  in  the  marble,  as  at  Capt.  Wood's,  it 
may  be  presumed  that  in  the  near  vicinity  is  a  deposit  of  hema- 
tite Id  the  older  formation  from  which  these  fragments  were 
derived.  In  the  immediate  vicinity  of  such  original  deposits  of 
ore,  the  conglomerate  would  naturally  contain  much  fragmental 
ore,  and  when  the  conglomerate  lacks  such  element  it  may  be 
inferred  there  are  no  near  sources  from  which  it  could  be  sup- 
plied. 

Dr.  XJ.  S.  Grant  made  a  special  trip  to  Gouverneur,  and  the 
following  is  the  sabstance  of  his  notes-.  At  four  miles  from 
Potsdam,  on  the  southeast  side  of  the  railroad  track,  is  an  out- 
crop which  has  an  evenly  rounded,  apparently  glaciated,  form; 
it  has  the  appearance  of  being  granite,  or  gneiss  similar  to  that 
southward  from  Crary's  mills.  No  other  rock  outcrop  was  seen 
along  the  track  between  Potsdam  and  Canton.  -  But  immedi- 
ately southwest  from  Canton,  much  rock  exposure  occurs  at 
the  crossing  of  the  stream,  and  thence  all  the  way  to  DeKalb. 
Alm<rat  all  these  exposures  are  rounded  glaciated  domes.  In 
some  instances  a  parallel  arrangement  of  lighter  and  darker 
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bands  could  be  distinguished  in  this  rock  from  the  train.  The 
dip  is  about  85°  northward,  with  a  strike  about  N*.  75°  E. 
At  several  shallow  cuts  made  in  this  rock  it  could  be  distin- 
guished as  gneiss  of  the  same  character  as  that  seen  south  from 
Crary's  mill.  From  De  Kalb  to  Richmond  are  many  outcrops. 
Prom  Richland  to  Gouvemeur  are  others  that  seemed  to  be  of 
marble. 

At  Gouverneur,  three-fourths  of  a  mile  southwest  of  the 
town,  just  on  the  south  side  of  the  railroad,  are  three  large 
quarries  in  marble.  This  rock  is  of  a  general  gr»y  color  said 
coarse  grain,  and  rather  indistinctly  striped  with  white  and 
gray  irregular  bands.  Some  of  these  bands  are  wide,  so  as  to 
include  much  of  the  rock  in  some  instances.  This  irregular 
banding  is  presumed  to  be  parallel  with  the  original  sedimen- 
tation. It  is  the  only  structure  shown  in  the  rock, — not  even 
are  there  any  distinct  jointage  planes.  The  rock  is  very 
massive.  It  does  not  split  any  easier  in  the  direction  of  these 
bands  than  across  them.  The  dip  is  30°  N.  The  foreman  at 
one  of  these  quarries  furnished  the  following  information:  "In 
this  vicinity,  especially  farther  southwest,  and  near  the  railroad, 
are  several  other  quarries,  all  in  the  same  kind  of  marble.  The 
general  dip  is  35°  to  45°  toward  the  north,  but  at  one  quarry 
the  rock  stands  vertical,  with  an  E.  and  W.  strike.  The  gneiss 
is  found  several  miles  N.  and  N.  E.  of  Grouvernear,  and  also 
near  Wood's  quarry  which  is  in  marble,  netir  the  railroad,  and 
three  miles  southwest  of  town.  Here  the  giieiss  and  marble 
cpme  quite  near  to  one  another,  the  gneiss  being  found  a  short 
distance  south  and  southeast  of  the  marble  and  dipping  N.  as 
does  also  the  marble.  There  are  three  or  four  iron  mines  in  the 
vicinity  of  Keene's,  about  7  miles  8.  W.  from  (Jouvemeur,  some 
of  which  are  now  shipping  ore.  They  can  all  be  reached  in  a 
few  minutes  walk  from  Keene's.  The  ore  is  generally  a  soft 
red  hematite,  but  with  some  blocks  of  hard  hematite.  The  ore 
is  not  in  the  marble,  nor  in  the  gneiss,  but  in  a  hard  sandroek 
which  is  distinct  from  both."  From  the  description  of  the  ore 
it  was  understood  by  Dr.  Orant  that  it  is  similar  to  that  seen 
by  him  between  Richland  and  De  Kalb,  as  described  below. 

About  half  a  mile  from  Richland  station;  northeastward,  the 
railroad  passes  near  several  outcrops.  '  One  of  these  is  of  a 
hard  siliceous  rock  holding  some  softer  mineral.  It  is  narrowly 
and  conspicuously  banded,  some  of  the  bands  not  being  over  \ 
inch  across.  The  most  of  the  bands  are  of  quartz,  and  appear 
like  bands  of  vitreous  quartzyte.    Between  these  are  smaller 
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bands  of  quartz  mixed  with  more  or  less  of  a  rather  soft  greeo- 
ish  to  Trhitish  mineral,  looking  like  talc,  but  too  hanlfor  talc. 
This  banding  appears  very  sharply  on  weathered  surfaces. 
Aside  from  this  banding  there  are  no  remains  of  elastic  struct- 
ure in  the  rock,  which  is  holocrystalline.  The  rock  has  been 
biant  and  twisted  considerably,  but  the  average  or  resultant  di- 
rection of  the  banding  is  about  N.  20°  E.,  and  the  dip  is  from 
vertical  to  70°  towards  N.  70°  W. 

A  short  distance  further,  on  the  east  side  of  the  track,  is  a 
ridge  of  gray,  coarse  grained  marble,  in  which  are  streaks  of 
quartz  rock  like  the  last.  The  strike  is  also  N.  and  the  dip  is 
about  60°  W.  At  some  distance  still  further  the  quartz  rock 
above  described  appears  again.  Here  the  strike  and  dip  could 
not  be  determined. 

About  two  miles  from  Bichland  is  a  low  cut  in  coarse  gray 
marble,  having  bands  of  the  quartz  rock  in  it.  Strike  about  N. 
and  S. ;  dip  about  80°  E.  A  few  rods  further,  on  the  W.  side  of 
the  track  is  an  exposure  apparently  the  same  as  the  last.  The 
dip  is  plainly  seen  about  45°  W.  N.  W.;  and  a  little  further  a 
gneiss,  similar  to  that  seen  south  from  Crary's  mill,  is  seen 
dipping  N.  W.  about  45°. 

At  three  miles  and  a  half  from  Richland  is*  a  cut  in  the 
marble  and  quartz  rock.  Dip  not  clearly  seen  except  in  one 
place,  where  it  is  N.  N.  W.,  about  30°.  Less  than  100  yards  fur- 
ther N.  E.,  is  another  cut,  some  200  feet  long,  through  a  sand- 
stone. This  sandstone  is  of  rather  fine  grain,  more  or  less 
friable,  and  usually  red  in  color,  due  to  large  amounts  of  hema- 
tite disseminated  through  it.  In  a  few  places  this  rock  is  not 
charged  with  hematite.  It  is  then  more  firm,  and  of  a  yellow 
color,  but  this  is  in  comparatively  small  amount.  The  two 
qualities  grade  into  each  other.  The  lower  part  of  the  sand- 
stone contains  rounded  pebbles  and  angular  fragments  of  mar- 
ble and  quartz  of  all  sizes  up  to  one  foot  in  diameter.  Just  be- 
low this  conglomerate  is  a  gray,  coarse-grained  marble  with  an 
irregular  upper  surface  (see  figs.  6  and  7).  In  only  one  place 
coald  the  dip  of  the  marble  be  observed.  This  was  at  the  north 
end  of  thecnt,  and  was  S.  about  45°.  The  sandstone  is  broken 
into  parallel  layers  which  lie  nearly  horizontal,  bat  in  some 
places  are  tipped  10°  to  15°  in  various  directions.  In  two 
places  a  lamination  was  noted  in  this  sandrock,  running  parallel 
with  the  layers,  about  horizontal.  The  lower  part  of  the  sand- 
stone is  often  very  compact,  and  apparently  cemented  by 
calcite.    Ithas  veins  and  pebbles  of  red  jasper.     The  sandstone 
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grades  into  a  soft  red  hematite,  which  appears  like  a  good  ore. 
The  upper  surface  of  the  marble  is  fissured  in  places,  and  the 
hematitic  material  of  the  sandstone  extends  down  into  these 
fissures  (fig.  7).  Further  toward  De  Kalb  are  several  other 
low  outcrops  of  similar  gray  marble. 


Pios.  e  Aim  7.— SeotlODs  3M  mlleB  N.  E.  from  Blobland. 


About  one-fourth  mile  south  of  the  station  at  De  Ealb  is  a 
rounded  dome  of  compact  siliceous  gneiss,  mottled  with  red. 
The  gneissic  structure  is  not  always  present.  The  only  dip 
shown  is  that  of  this  gneissic  structure,  but  in  general  the  out- 
crop appears  very  massive. 

From  these  observations  Dr.  Grant  remarked  that  the  im- 
pressioa  left  on  his  mind  was  to  the  effect  that  all  the  gneiss. 
quartz  rock  and  marble  belong  to  one  and  the  same  formation. 
though  of  uncertain  age.  It  is  the  oldest  formation  seen  in  the 
vicinity  of  Potsdam.  The  marble  is  included  in  the  gneiss  and 
has  gneiss  l>oth  above  and  below  it.  The  general  strike  of  this 
formation  is  about  E.  and  W.  with  a  northerly  dip  of  35  deg.  to 
60  deg. ;  but  there  are  some  sudden  changes  both  in  strike  and 
dip. 

The  sandstone  seen  between  Richland  and  De  Kalb  is  a  much 
newer  terrane,  has  been  but  slightly  disturbed,  lies  on  the 
edges  of  the  gneiss  and  marble,  and  received  debris  from  botb 
in  a  crystalline  condition,  indicating  that  the  metamorphism 
and  tilting  of  the  lower  formations  were  complete  before  the 
deposit  of  the  sandstone.  The  sandstone  and  the  associated 
ore  are  undoubtedly  the  same  as  those  seen  about  4  miles  E.  S. 
E.  from  Potsdam  on  the  east  side  of  the  Backet  river,  and  the 
inference  is  that  the  conglomerate  and  the  ore  lie  at  the  base 
of  the  Potsdam. 
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Other  limestone.  Two  miles  north  of  Norwood,  on  the  left 
bank  of  the  Backet  river,  are  several  ijuarries  in  a  dark-gray, 
fine-gnrained  but  crystalline  limestone  which  is  spotted,  in  the 
upper  layers  of  the  quarries,  with  conspicuous  lumps  of  white 
calcite.  The  rock  is  practically  non-fossiliferous,  but  by  con- 
siderable search,  by  Mr.  Schuchert  and  the  writer,  we  suc- 
ceeded in  finding  some  imperfect  fossils,  viz.,  fragments  of  some 
Aaaphus  and  of  some  Pleurotomaria,  which  cannot  be  specifically 
determined,  and  several  specimens  of  Lingula  Irene  Bill.  This 
rock  is  extensively  spread  in  this  region,  and  is  quarried  at 
several  other  places  not  visited,  viz.,  at  a  point  on  the  O.  and 
Li.  O.  railroad  four  miles  northwest  froin  this  place,  and  north, 
at  Massena  springs.  This  evidently  belongs  stratigraphically 
above  all  the  foregoing. 

SuTnmary  and  conclusions  as  to  the  stratigraphioal  succession  <U 
Potsdam.  If  an  attempt  be  made  to  correlate  these  observations 
so  as  to  express  ^generalized  section  for  the  northern  Adiron- 
dacks,  the  writer  would  put  the  formations  together  in  some 
sucli  manner  as  follows: 

1.  The  gneiss,  containing,  interstratified  with  it,  the  marble 
and  the  quartzyte,  seem  not  to  belong  in  the  true  Ijaurentian. 
Anyone  familiar  with  the  gneiss  and  schists  which  appear  at 
the  bottom  of  the  geological  scale  in  the  Northwest  would  at 
once  notice  a  great  lithological  difference.  The  Adirondack 
gneiss  is  more  regularly  and  conspicuously  a  banded,  sedi- 
mentary rock,  and  varies  more  frequently  in  composition;  and 
its  variations  at  the  same  tim'e  are  of  greater  variety  and  greater 
extent.  The  rock  is  perhaps  as  wholly  crystalline  as  the  lowest ' 
Ltanrentian  gneisses  and  schists,  but  there  is  a  fresher  facies, 
i.  e.,  an  incompleted,  still  non- differentiated,  association  of 
minerals,  and  a  remaining  suggestion  of  fragmentat  structure 
permeating  the  rock  which  is  not  seen  in  the  old  Laurentain 
gneisses.  Its  color  also  varies.  In  the  schists  are  rocks  that 
are  black  and  fine-grained,  finely  micaceous,  but  apparently 
carbonaceous  or  graphitic  They  also  embrace  this  marble, 
which  itself  is  sometimes  conglomeritic,  and  reaches  a  thick- 
ness of  several  hundred  feet.  In  the  marble  is  a  crystalline 
pare  hematite,  in  lenses  that  sometimes  have  attracted  atten- 
tion as  valuable  iron  ores.  The  marble  is  sometimes  siliceous, 
and  sometimes  is  interstratified  with  quartz  rock,  and  finally 
^ves  place  entirely  to  a  banded  quartzyte.  This  change  takea 
place  in  a  direction  toward  the  gueiss,  i.  e.,  the  quartzyte 
outcrops  are  between  known  outorops  of  marble  and  of  gneiss, 
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but  the  manner  of  transition  is  unknown.  Whether  the  gneiss 
here  supposed  to  underlie  the  quartzyte  is  a  conformable 
member  of  the  same  formation  and  similar  to  that  with  which 
the  quartzyte  and  the  marble  are  associated,  is  unknown.  It 
may  lie  non- conformably  below  the  quartzyte,  and  represent  a 
portion  .of  an  older  fqrmation,  but  our  observations  did  not 
happen  to  bear  upon  this  point  This  marble,  quartzyte  and 
associated  schist  seem  to  be  the  northern  Adirondack  repre- 
sentatives of  the  marble,  quartzyte  and  associated  schists  seen 
in  the  eastern  side  of  the  Adiroudacks,  extending  with  Ibe 
Taconic  mountains,  through  southern  Vermont,  western  Mas- 
sachusetts and  southeastern  New  York  and  further  south.  Their 
lithology,  stratigraphic  order  and  topographic  relations  to  the 
Adirondacks  are  similar.  It  is  now  well  known  that  they  ap- 
pertain to  the  original  Taconic  of  Dr.  Emmons  and  that  they 
have  been  found  to  contain  a  primordial  fauna.  There  can 
hardly  be  a  question  as  to  their  geological  identity  in  the  two 
regions  here  considered.  These  regions  are  immediately  ad- 
joining each  other  and  must  be  considered  as  belonging  to  the 
same  basin  or  area  of  deposition;  with  this  similarity  of  rela- 
tions to  the  Adirondacks  coincides  the  fact  of  similarity  of 
stratigraphic  order  and  lithologic  composition. 

2.  The  overlying  sandstone.  The  great  sandstone  which 
swings  around  the  northern  slope  of  the  Adirondacks  lies  non- 
conformably  on  the  foregoing  gneiss,  quartzyte,  marble  and 
iron  ore,  dipping  generally  gently  away  from  the  Adirondacks. 
The  writer  here  is  disposed  to  consider  this  entirely  as  one  and 
the  same  formation,  for  taken  altogether  the  evidence  rather 
tends  in  that  direction,  though  there  is  one  anomalous  fact 
which  cannot  be  explained  easily  on  that  supposition.  There 
has  been  need  of  constructing  for  the  Potsdam  region,  if  the 
stratigraphy  there  is  analagous  to  that  in  the  Champlain-Hud- 
son  basin,  a  succession  of  principal  parts  in  the  geological 
scale  that  will  agree  substantially  with  that  made  out  in  that 
basin.  In  the  Potsdam  region  hitherto  but  one  great  quartzyte 
has  been  known,  and  no  fossils  have  been  found  in  it,  i.  e.,  none 
from  the  rock  atPoi-sdam,  although  an  "Upper  Cambrian" 
fauna  is  known  toexist  in  the  light-colored  sandstones  outcrop- 
ping in  the  country  surrounding  Potsdam.  The  writer  has 
been  disposed  to  consider  that  the  true  Potsdam  sandstone,  or 
quartzyte,  is  more  likely  to  belong  at  the  horizon  of  the  lower 
of  these  quartzytes,  notwithstanding  the  existence  of  an  "Upper 
Cambrian''  fauna  in  the  surrounding  sandstones.      The   rather 
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ezceptlonal  dip  and  the  naetamorphic  oonditioa  of  the  rock 
afc  Potsdam  seemed  to  require  its  separation  from  the  "upper 
Cambrian"  of  the  region.  The  discovery  of  a  persistent 
quartzyte  associated  with  the  limestone  and  schist  of  the 
region,  as  above  stated,  supplies  the  demand  for  a  harmonious 
comparative  stratigraphy,  and  allows  of  the  reference  of  the 
Potsdam  sandstone  at  Potsdam  to  the  upper  horizon.  This 
will  accord  with  the  grenera/ oppeorancc  of  the  geological  en- 
vironment, as  it  has  been  generally  interpreted,  and  will  supply 
a  representative,  in  the  Potedamregion.of  that  other  quartzyte 
which  on  the  eastern  side  of  the  Adirondacks  and  further  south 
has  BO  often  been  considered  Potsdam,  but  which  really  exists 
at  the  bottom  of  the  Taconic  or  near  the  bottom  of  the  Lower 
Cambrian,  as  the  latter  term  is  employed  by  the  U.  S.  Geolog- 
ical Survey.  This  upper  quartzyte  varies  to  a  nearly  white 
rock,  though  even  then  sometimes  as  bard  as  any  quartzyte, 
and  to  a  red,  highly  ferruginous  sandstone.  The  latter  phase 
passes  into  an  iron  ore  which  is  economically  valuable  and  has 
been  worked  for  ore.  In  this  condition  it  is  conglomeratic  with 
remEuns  of  the  underlying  formations,  some  of  the  fragmental 
pieces  being  from  the  hematite  lenses  that  exist  in  the  under- 
lying marble.  It  remains  yet  to  discover  the  non- conformable 
contact  of  the  lower  quartzyte  with  a  lower  gneiss  or  granite, 
a  true  Laurentian  formation  comparable  with  that  which  lies 
below  the  "granular  quartz"  in  the  Green  mountains.  Should 
this  be  found  by  future  exEimination  in  the  region,  nothing 
would  be  lacking  to  complete  the  stratigraphical  evidence  of 
this  succession.  The  fauna  which  exists  in  the  "granular 
quartz"  and  associated  strata  in  the  eastern  part  of  New  York, 
if  found  in  this  lower  quartzyte  and  marble,  would  furnish  the 
most  conclusive  evidence. 

There  remains,  however,  one  alternative  as  a  possible  error 
in  the  foregoing  conclusion.  The  outcrops  of  the  quartzyte  as 
quarried  at  Potsdam  may  not  belong  to  the  general  sandstone 
of  the  region,  and  of  this  there  is  this  evidence:  (a)  The  rock 
is  firmer  and  apparently  more  crystalline;  its  color  and  general 
grain  is  not  remarkably  different  from  some  so-called  gneiss, 
which  outcrops  below  the  dam  in  the  Racket  river  at  Potsdam, 
about  three  miles  distant.  In  some  known  instances  a  rock  re- 
aembling  the  Potsdam  at  Potsdam  has  been  known  to  be  con- 
verted into  a  siliceous  gneissic  rock  like  that  below  the  dam. 
(b)  The  dip  of  the  rock  at  Potsdam  seems  also  to  be  anoma- 
lous, if  that  rock  be  in  parallelism  with  the  light-colored  sand- 
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Stones.  This  possible  alliance  with  the  gneiss  formation  would 
make  the  Potsdam  at  Potsdam  of  the  same  age  as  that  of  the 
qnartzyte  seen  by  Dr.  Grant  northeast  from  Richland. 

MORRISON  COUNTY,  MINN. 

A  re-ezatuiDatton  was  made  here  for  the  purpose,  chiefly  of 
getting  evidence,  one  way  or  the  other,  of  the  Archeau  age  of 
the  slaty  schist  which  is  seen  in  the  Mississippi  river  at  Little 
'    Falls. 

At  the  rapids  below  the  dam.  at  Little  Falls,  the  direction  of 
the  sedimentary  bedding  is  various.  It  is  difficult  to  say 
whether  it  is  prevailingly  in  any  direction.  Yet  in  one  instance 
it  was  carefully  measured  and  found  to  be  75''  W.,  3"  S.  by 
compass,  the  slaty  cleavage  being  about  vertical  and  striking 
S.  25°  W.  On  the  west  side  of  the  island  there  is  a  plwn 
crumpling  of  the  sedimentary  structure  and  in  the  main  a 
small  synclinal  trough,  though  the  prevailing  direction  here  is 
westerly.  The  lenticular,  so-called  crystalline  masses  of  qnartz- 
dioryte  described  by  Mr.  Kloos  (Eleventh  annual  report,  p.  74) 
are  always  vertical,  and  coincide,  in  their  longer  diameter,  with 
the  slaty  cleavage.  They  cross  the  sedimentation.  They  are 
notdependent  on  the  direction  and  apparently  not  on  thecharac- 
ter  of  the  sedimentation,  but  on  some  later  force.  The  same 
is  true  of  some'  white  quartz  veins,  as  they  also  run  with  the 
cleavage.  It  is  true,  however,  that  these  dioryte  septaria  fre- 
quent certain  layers  of  the  sedimentation,  occurring  in  a  belt 
parallel  with  the  sedimentary  structure,  at  least  in  one  place, 
though  individually  even  then  they  are  elongated  with  the 
cleavage.  This  seems  to  show  the  production  of  quartz-dioryte 
in  a  sedimentary  rock,  the  process  being  completed  in  certain 
of  the  sedimentary  bands  over  small  areas,  forming  crystalline 
masses,  these  masses  being  still  surrounded  by  such  materials 
as  went  to  form  the  ordinary  schist  of  the  place.  The  petro- 
graphic  alliance  of  this  segregated  rock  with  the  laminated 
dioryte  on  "the  point,"  as  noted  by  me  in  the  sixth  annual 
report  (p.  51),  taken  in  connection  with  their  elongation,  and 
the  further  fact  that  the  lamination  on  "the  point"  is  parallel 
with  the  cleavage  of  the  slates,  points  to  the  probable  origina- 
tion of  the  lamination  on  "the  point"  from  the  complete  meta- 
morphism  of  a  sedimentary  rock,  and  also  to  the  necessary 
separation  of  the  lamination  structure  from  any  dependence  on 
the  original  sedimentary   structure,  at  least  In  the  direction 
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which  it  maintains.  These  nodules,  when  sufficiently  elongated, 
would  constitute  bands  resembling  these  seen  on  "the  point." 
The  production  of  these  dioryte  septai-ia,  or  dioryte  bands 
(when  elongated)  seems  to  be  favored  by  the  occurrence  of 
certain  elements  in  the  composition  of  the  original  sedimentary 
rock,  since,  as  stated  above,  they  frequent  certain  sedimentary 
'  strata,  and  are  wanting  in  others. 

In  Gravelville  in  the  eastern  part  of  Morrison  county,  with 
the  guidance  of  Mr.  Robert  Brown,  a  large  granite  area  was 
visited.  This  rock.outcrops  generally  on  section  18,  T.  41-13, 
and  its  color  is  red  to  grey,  sometimes  gneissic,  but  mainly  is 
massive,  as  if  formerly  molten.  The  red  is  sometimes  very 
coarse  and  Scotch-like,  but  also  often  is  fine-grained  and  sili- 
ceous, resembling  some  seen  on  the  Kawishiwi  river  some 
yefU«  ago,  and  also  that  seen  at  *'La  Framboise  "  place  a  short 
distance  above  New  Ulm  in  1878.  In  the  latter  case  it  may  be 
sedimentary  rock  metamorphosed  in  place.  This  granite  area 
runs  alongside  of  a  valley  in  a  direction  S.  S.  E.,  the  valley 
being  on  the  east 

In  the  town  of  Randall,  on  the  west  side  of  the  Mississippi 
river,  section  7,  T.  130-30,  greenstone  is  cut  by  the  railroad. 
A  low  ridge  extends  S.  S.  W.  about  a  quarter  of  a  mile.  The 
rock  is  fibrous- massive,  and  typical  Keewatin.  It  has  much 
calcite  in  spote  and  in  veinings,  also  quartz,  with  some  small 
pyrite  cubes.  This  is  evidently  a  fragmetital  rock,  and  the 
grains  and  pebbles  of  diflering  hardness  stand  out  on  the 
weathered  surface.  It  is  a  conglomerate,  of  the  Kawishiwin 
kind.  The  main  structure  stands  nearly  vertical  but  dips  S.  £. 
Numerous  boulders  of  gabbro  are  strewn  about  here. 

The  rock  which  I  visited  about  a  mile  west  of  Little  Falls  15 
years  ago,*  is  now  quarried  for  foundations.  It  appears  like 
a  modified  gabbro  where  it  lies  in  the  streets,  and  when  cut  by 
the  workmen,  and  also  at  the  quarry,  but  on  close  inspection  it 
is  fonnd  to  be  a  dioryte.  I  do  not  see  any  amygdaliodal  struc- 
ture, such  as  that  mentioned  in  1877. 

Accompanied  by  Messrs.  Williams  and  Rothwell.  of  Little 
Falls,  another  visit  was  made  te  Pike  rapids.  The  rock's 
principal  strncture  strikes  about  E.  and  W.  and  dips  N.  at  70° 
from  the  horizon,  running  diagonally  across  the  river  up  stream 
to  the  left  bank.  At  a  point  a  short  distance  below  the  mouth 
of  Swan  river,  and  where  the  principal  rock-reef  causing  the 
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principal  -water-fall  enters  the  right  bank,  is  a  limestone  layer, 
standing  several  feet  above  the  water,  rather  poorly  exposed 
in  the  bank.  It  appears  a  little  too  far  down-stream  to  be  cer- 
tainly the  cause  of  this  rifSe,  but  the  dip  would  certainly  bring 
it  near  that  position  under  the  water.  It  is  disconnected  and 
cannot  be  traced  to  the  rifQe.  It  is  a  pinkish,  fine-grained 
marble,  marked  by  close  sedimentary  (?)  structure  which 
coincides  in  direction  and  dip  with  the  principal  structure  of 
the  staurolite  schists  of  the  place. 

Near  the  centre  of  S.  E.  i  N.  E.  i  sec.  30,  Town.  1128-29,  Mor- 
rison county,  is  a  rather  singular  mica  schist.  This  is  some 
miles  below  the  limestone  above  notecl,  and  on  the  upland  a 
mile  and  a  quarter  from  the  river,  on  the  west  side.  The  low, 
small  ridge  is  situated  in  a  swampy  tract,  runs  about  N.  and  S., 
rises  about  10  feet,  and  apparently  extends  under  several  acres. 
It  shows  no  general  structure  and  is  very  finegrained.  Yet  it 
contains  occasional  nodules  like  those  in  the  slates  at  Little 
Palls,  characterized  principally  by  long,  conspicuous  black 
hornblende  crystals  which  are  sparingly  disposed  about  the 
,  periphyry  of  the  mass  in  a  lighter  colored  band.  In  some  other 
cases  there  appears  to  be  no  completion  of  the  concretionary 
process,  and  there  can  be  seen  only  a  few  scattered  long  crys- 
tals of  the  same  mineral  running  at  random  and  gathered  about 
a  point  in  the  schist,  the  whole  area  affected  being  about  three 
inches  in  diameter. 

Lincoln,  Morrison  county.  This  is  in  the  northwestern  cor- 
ner of  the  county,  on  the  "cut  off"  branch  of  the  Northern  Pa- 
cific railroad.  Here  are  remarkable  morainic  ridges,  very  ab 
rupt  and  high,  running  almost  like  a  kame,  extending  past  the 
station  southwest  from  lake  Alexandria.  They  ape  remarkably 
abrupt  and  high.  The  region  is  one  of  red  till,  which  extends 
from  Little  Falls  to  Philbrook,  though  beyond  Lincoln  the  sur- 
face becomes  sandy  like  that  at  Little  Falls  and  Brainerd. 
These  hills  were  only  seen  from  the  cars, 

Philbrook,  Todd  Co.  Still  further  northwest,  at  the  point 
of  junction  of  the  Fish  Trap  with  the  Long  Prairie  river,  an  ex- 
amination was  made,  under  the  guidance  of  Mr.  Hartshorn,  of 
Staples,  and  Mr.  Robert  Brown,  of  Little  Falls,  of  the  rock 
outcrops  in  that  neighborhood.  These  outcrops,  so  far  as 
could  be  discovered,  are  all  of  gabbro,  but  the  rock  manifest  s 
some  variations  which  have  not  l>efore  been  seen  in  the  great 
gabbro  of  the  region  further  east.  It  varies  in  patches  or  in 
vein-deposits,  to  a  nearly  white  rock  consisting  almost  wholly 
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of  a  feldspar  which  is  striated,  with  a  little  quartz.  This  may 
be  a  segregatioD  product,  and  not  an  original  constituent  of  the 
mass.  It  also  varies  to  a  very  dark  and  heavy  trap-looking 
rock,  whicb,  however,  still  contains  long  cleavages  of  a  striated  . 
feldspar.  Throughout  all  these,  except  in  the  white  feldspar, 
are  many  crystalline  grains  of  magnetite  which  is  probably 
titanic.  There  is  also  a  narrow  belt,  not  well  exposed,  seen 
below  the  dam  of  the  Fish  Trap  in  unfavorable  situation  for  ex- 
amination, where  this  gabbro  is  converted  by  shearing  into  a 
schistose  rock,  the  schistose  structure  standing  about  perpen- 
dicular. In  this  schist,  which  might  inadverteittly  be  taken 
for  an  outcrop  of  an  older  formation,  are  still  seen  many  of  the 
magnetite  grains,  and  all  the  feldspars  as  well  as  the  horn- 
blendes are  broken  and  flattened.  This  gabbro  forms  a  low 
hill  range,  and  can  be  traced,  according  to  Mr.  Hartshorn,  S. 
S.  W.  or  nearly  S.  about  3  or  3^  miles,  and  has  a  width  of  half 
a  mile,  so  iar  as  known.  It  extends  2^  miles  from  Philbrook 
southerly  and  some  distance  north. 

The  principal  object  of  this  re-examination  in  Morrison 
county  was  to  determine,  if  possible,  whether  the  Little  Falls 
slate  be  Taconic  or  Archean.  There  seem  to  be  several  strong 
points  indicating  it  is  of  the  Archean,  viz: 

1.  The  garnets  and  the  general  micaceous  composition  of 
the  Little  Falls  slate  point  to  its  identity  in  age  with  the  stau- 
rolitic  and  garnetiferous  mica  schist  at  Pike  rapids. 

2.  The  existence  of  the  nodules  of  quartz  dioryte  in  the 
Little  Falls  slates,  and  the  petrographic  relation  they  bear  to 
the  laminated  dioryte  at  "the  point,*'  indicating  a  close  connec 
tioa  in  age  and  metamorphic  transformation  between  the  slate 
and  the  dioryte.  show  that  both  rocks  have  suffered  a  greater 
change  through  some  general  or  regional  crystallizing  force 
than  has  been  found  in  Minnesota  for  any  strata  of  the  Taconic. 

3.'  Toward  the  eastward  from  Little  Falls  the  rocks  are 
granitic  so  far  as  they  appear  above  the  drift,  not  allowing 
any  great  extension  of  any  schists  or  slates  in  that  direction, 
and  toward  the  west,  so  far  as  known,  all  the  outcrops  show  a 
more  crystalline  rock  than  is  known  at  any  place  in  the  Taconic. 
It  would  appear  as  if,  generally,  toward  the  west  the  rocks  are 
of  the  Eeewatin  or  the  Vermilion  age,  and  that  toward  the  east 
they  may  be  of  Laurentian. 

4.  The  flne  mica  schist  seen  some  miles  below  Pike  rapids  ( S. 
E.  i  N.  W.  i  sec.  30,  128-29)  contains  nodules  of  quartz  dioryte 
that  are  indistinguishable  from  those  that  occur  conspicuously 
in  the  slates  at  Little  Falls.  DgnzBcrvCiOOQlc 
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5.  There  is  therefore  a  general  alliance  between  aM  the  oat- 
crops  from  Little  Fails  southward  that  requires  them  to  go  al- 
together into  the  same  formation,  whether  Archean  or  Tacoaic. 
It  is  therefore  most  likely  that  they  all  belong  in  the  mica 
schist  belt  (Contchiching  or  Vermilion)  of  the  Arcliean. 

[Nott  on  the  viater  power  al  LiUU  FaU«.—Ur.  M.  M.  Williams  stateo  that 
there  Is  more  water  power  at  Llttlo  Falls  tbao  at  Minneapolis,— i.  e.,  that 
there  is  more  water  passing  over  the  dam  at  the  former  place.  liast  wia- 
ter,  while  the  water  power  company  ai  Minneapolis  had  to  shut  oft  all 
leases  beyond  eleven  mill-powers,  owing  to  the  low  atage  of  the  water,  at 
Little  Falls  they  were  runntng  13-16,  includiDg  wastage  at  the  dam.  Tbe 
fall  at  the  dam  at  Little  Falls,  is  20  leet;  from  the  canals  tt  must  be  a 
little  more.  At  Minneapolis  the  perpendicular  natural  fall,  at  the  fatle. 
Is  about  16  feet,  and  by  the  dam  and  the  canals,  in  the  turbine  wheels 
it  Is  made  to  be  about  52  feet.  If  it  is  demonstrated,  as  tt  ap- 
pears to  be.  Id  the  opinion  of  Mr.  Williams,  that  more  water  passes 
Little  Falls  than  St.  Anthony  falls,  it  is  a  remarkable  and  interesting 
fact,  and  can  only  be  explained  by  supposing  tbe  water,  after  passing 
Little  Falls,  enters  the  St-  Croix  and  St.  Peter  sandstones,  both  of  which 
cross  the  river  in  their  strike,  between  the  two  points,  and  both  of  which 
afford  abundai.t  arleslan  water  at  more  southern  points.] 


tHu  mesabi  range. 

At  the  Sale  mine  men  have  lately  found  (July,  1892),  a  soft 
ore  at  38  feet  below  the  surface.  The  rock  struck  at  first  is 
taconyte*,  a  grayish,  cherty  rock  which  is  abundant  on  the 
Mesabi  range,  in  connection  with  the  ore.  In  larger  quantities 
this  rock  frequently  overlies  important  beds  of  hematite.  It 
is  also  frequently  brecciated;  as  a  rock  it  varies  from  cherty 
jasper  to  hard  ore.  and  in  some  positions  it  appears  to  have 
been  the  rock  which  has  been  changed  to  ore,  sometimes  more 
evidently  to  a  hard  hematite  than  to  a  soft  ore.  The  figure  be- 
low (Pig.  8)  shows  the  geological  situation  at  the  Hale  mine. 


•  Thlanaiue  Wttssugxestod  by  Mr.  K,  V.  WlncheU.fortheoherly.orslliceoQSi.  gray 
rock  which  In  nrnny  places  iippBara  to  have  beBn  thii  batla  fwin  wblch,  l)y  a  pr())(ti?s- 
BivechuaKe  to  bemiLtlie.  the  ure  deposits  lit  the  range  liare  been  formed.  The  ruck 
has  Dot  yet  received  au  accurate descrlpUou.  butU  reooguiiable  by  any  geoloslst  wLu 
TiBlI«  the  region. 
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At  the  CfiTidnnati  miTie  thirteen  Bbafts  or  pits,  have  been  sunk 
(March  .5th,  1892),  which  disclose  soft  hematite  ore.  Their 
distributioii,  as  indicated  by  the  captain  in  charge,  is  shown  on 
the  small  map  below,  figure  9,  which  represents  section  2.  58-16. 
These  pits  vary  in  depth  from  50  to  76  feet,  and  are  reported 
to  contain  ore  of  merchaotable  quality  ranging  in  thickness 
from  five  feet  to  fifty  feet.  Noa.  1,  2  and  8  struck  a  sand-rock, 
while  two  others,  near  the  center  of  the  section,  encountered 
slates,  I.  e.,  the  well-known  black  slate.  A  portion  of  the 
Biwabik  mine  is  in  the  extreme  N.  W.  corner  of  the  section. 


Mtwo.bc'Tu* 

CiMciMHoii 

SKoxo 

CiMCM*^<fti- 

^^e^vtdit^ 

^Kcujj 

yaU 

5L«tw 

^KeLLo 

S)ta.w 

OKeUtMot^ 

MerriU. 

Fia.  S.-TbeClDClaDatl  miDe.  BeallnnZ, SB-IS. 

In  July,  when  a  second  visit  was  made  to  the  Cincinnati  mine, 
the  situation  was  somewhat  changed.  Pits  Nos.  2  and  3  were 
extended  through  the  ore,  and  the  underlying  rock  was  found 
to  be  a  sandy  quartzyte,  rather  soft,  for  two  feet  in  No.  2,  and 
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lis  in  No.  3,  for  two  feet.  Pit  No.  8  was  70  feet  deep. 
>m  below  60  feet  being  io  a  quartzyte  containing  a  little 
asking  a  banded  quartzyte.  This  rock  is  flat,  with  ore 
the  layers.  It  is  "altogether  different  from  the  lower 
e."    Shaft  No.  3  has  45  feet  of  ore,  and  No.  2  has  35  to 

Shaft  No.  4  had  a  bed  of  rock,  or  a  bunch  of  taconyte 
t  in  thickness  lying  in  the  ore.  Shaft  No.  9  went  down 
vith  45  feet  of  "paint  rock  "  and  ore  alternating.    Wa- 

stopped  the  work.  Shaft  No.  10  is  100  feet  deep, 
lixed  ore  and  paint  rock,  something  like  No.  9.    Shaft 

00  feet  west,  is  65  feet  deep,  and  has  25  feet  of  ore  lUce 
r,  10  feet  of  paint  rock,  W  feet  of  ore,  5  feet  of  paint 
ingon  the  quartzyte  which  dips  25°  westward.     Shaft 

1  98  feet  deep.  Struck  no  rock  but  has  45  feet  of  good 
re,  and  ten  feet  of  paint  rock,  with  ore  again  below. 

:  is  down  40  feet,  and  struck  black  slate,  not  worked 

'banded  quartzyte"  in  No.  8  shaft  on  examination 
J  be  a  form  of  the  tacony  te  generally  overlying  the  ho- 
the  ore  and  of  the  true  granular  quartzyte.  The  "blac!: 
!  shaft  13  is  probably  the  lowest  part  of  the  black  slate 
but  it  is  not  slate,  nor  slaty.  It  is  dark,  nearly  black, 
to  greenish  to  grayish,  a  fragmental  rock  entirely,  so 
i  to  be  conglomerate  {1689).  While  very  siliceous,  the 
in  the  form  of  flint  pebbles,  and  more  or  less  angular 
hud  a  little  chalcedonic  silica  (L  e.,  minutely  granular 
silica  of  the  jaspilyte).  It  also  has  rounded  pebbles  of 
softer  rock,  more  like  some  of  the  thicker  slate  beds 
ch  the  slates  graduate  upward.  Most  of  the  rock  in 
made  up  of  these,  and  in  finer  condition  they  also  act 
it  for  the  coarser  portions.  But  pervading  the  whole 
ig  the  smaller  interstices  is  black  magnetite  in  such 
is  to  disturb  the  needle  markedly. 
QiDg  these  observations  with  those  made  at  Wicks' 
ay  8),  the  downward  succession  seems  to  be,  for  the 
the  Ahimikie  in  the  Mesabi  range,  as  follows: 

General  section  of  the  Mesabi  range  rocks. 

slates,  often  magnetitlc.  Thickness  udIidowd,  but  very  great. 
imeratic  portion  of  the  black  slates,  often  magnetitic  (1639  and 
i  part  of  Ko.  4  of  Wicks'  drill.)  This  is  not  eaaj  separable  from 
lext,  and  iu  some  places  is  confused  with  the  next,  or  graduates 
it.    Thickness  may  be  20  feet. 
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3.    TacoD7te  horizon,  mliced  with  ore  or  graduating  lato  ore,  ofteo  styled 

"cap-rock."    Thickness  5  to  60  feet, 
4..  Theorehorlzoii,  sometimes  encroached  on  by  No.  3.     Thickness  10 

to  50  feet. 

5.  Fine  "chalcedonlc"  guartzytes.    In  some  places  this  Is  not  found, 

bat  when  It  Is  present  it  seems  to  occupy,  in  part  at  least,  the 
horizon  of  No.  4  (No.  6  at  Wicks').    Thickness  at  Wicks'  17  feet. 

6.  Rounded,  granular'quartzyte.    Thickness  20  to  100  feet. 

7.  Saaal  conslomerate.    Thickness  5  to  10  feet. 

The  non-conforinable  underlying  formation  may  be  any  part 
ol  the  Archean,  even  the  iron-bearing  portion  of  the  Keewatin; 
and  the  basal  conglomerate  in  consequence  assumes  various 
lithology  and  composition. 

In  the  txtttom  of  shaft  No.  2  at  the  Cincinnati  is  a  disinte- 
grated quartzyte  (1690).  The  grains  are  angular  and  sub- 
rounded.  There  is  here  no  jaspilyte,  as  at  Prairie  rapids, 
and  at  Gunflint  lake,  but  the  sand  is  stained  with  iron  and 
manganese  oxides.  N.  W.  from  pit  No.  2,  400  feet,  another  ■ 
pit  struck  "chalcedonic"  quartzyte,  irregular  and  twisted,  as-  , 
sociated  with  a  sandstone  and  a  conglomeratic  mass,  sometimes 
kaollnic. 

Further  north,  250  feet,  is  a  pit  in  greenstone,  and  at  150  feet 
north  of  pit  No.  1  is  a  pit  in  sandstone. 

la  general,  so  far  as  can  be  seen  at  the  Cincinnati,  there  is  a 
jaspilitlc  silica  only  near  the  bottom  of  the  Pewabic  quartzyte. 
A  pit  was  seen  at  the  Hale  mine  which  struck  the  greenstone. 
It  was  all  reddened  by  oxide  of  Iron,  but  it  had  the  schistose 
structure  and  the  texture  of  the  Keewatin;  however,  at  the 
Cincinnati  mine  the  greenstone,  where  struck,  is  still  green, 
and  unaffected  by  transference  of  iron  from  the  upper  horizon. 
Another  pit,  at  the  Cincinnati  mine,  struck  a  phase  of  the  Pe- 
wabic quartzyte  not  often  seen.  The  rock  was  greenish  and 
hard,  and  fine-grained,  but  evidently  laminated  by  sedimentary 
stratification.  It  had  been  mistaken  by  the  superintendent  for 
greenstone.  This  phase  here  is  near  the  basal  conglomerate, 
Euid  In  grain  it  resembles  that  seen  at  "Wicks'  (No.  1632),  though 
its  color  is  usually  not  pinkish.  In  the  form  of  boulders  it  is 
quite  common  on  the  surface,  weathering  nearly  white,  so  as  to 
resemble  marble. 

The  rock  taconyte  prevails  along  the  eastern  part  of  the 
the  Cincinnati,  and  probably  in  the  eastern  part  of  the  section, 
the  ore  becoming  more  and  more  abundant  in  the  western  pits. 
There  are  so  many  pits  scattered  through  this  region  that  it 
gives  the  impression,  the  rock  and  dip  being  uniform,  (with  one 
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exception),  that  the  ore  originated  from  a  grand  change  in  the 
taconyte  rock  toward  the  west.  Further  observation,  however, 
is  needed,  to  demonstrate  this. 

The  Biwabik  mine.  The  adjoining  figure  shows  the  three 
"forties"  on  which  this  mine  is  located,  and  the  positions 
of  the  various  shafts  here  mentioned,  as  they  appeared  July 
19.  1892. 
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Fia.  10.-Hap  of  the  Biwabik  mine,  July  Ifi.  UBS. 

Shalt  18  has  the  following  section:  surlaoe.  36  ft.;  paint 
rock  18  ft. ;  mixed  ore  and  paint  rock,  34  ft ;  purple  pant 
rock  (56  Pe.),  8  ft. ;  yellow  ochre.  4  ft. ;  total,  100  ft. 

An  average  analysis  of  ores  from  shaft  13  was  made  by  £.  E. 
Brewster,  with  the  following  results.  This  included  the  upper 
"paint  rock,"  and  "mixed  ore  and  paint  rock."  Iron,  50.05; 
Phosphorus,  .049,  The  upper  paint  rock  alone  gave:  Iron, 
46.10;  Phosphorus,  .041;&ilica,  14.44,  being  still  a  bessemer  ore. 
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Shaft  15  has  the  following  section:  surface,  30  ft.;  paint 
rock,  13  ft.  (44  p.  c.  Fe.)  ;  yeUow  ochre,  7  ft.  (82  p.  c.  Fe.) ; 
blue  and  red  ore,  7  ft.;  soft  blue  ore,  27  ft.  (67  p.  c.  Fe.);  brown 
ore,  22  tt,  limonite  (63.20  p.  c.  Fe. )  Stopped  here  on  account 
of  water.  At  the  depth  of  85  ft  a  drift  was  in  "  soft  blue  ore  " 
in  a  N.  E.  direction,  and  another  was  run  south.  The  former 
was  extended  150  ft.  from  the  shaft,  and  the  latter  46  it.  They 
only  found  the  same  ore  as  at  the  shaft.  Five  hundred  tons  of 
tht9  blue  ore  were  taken  out,  and  now  lie  in  the  stock  pile.  An 
average  analysis  of  the  ore  in  shaft  15  gave  Messrs.  Rattle  and 
Nye  66.5  of  iron,  and  E.  E.  Brewster,  65.40  Pe.,  .034  Ph.  The 
complete  analysis  from  shaft  15  gave  the.  following  result,  by 
W.  E.  Rice,  of  Newcastle,  Pa. : 

Metallic  Iron, 69.064        AlumlDa^. 300 

Silica 1.340       MaDganese, 130 

Fbosptaonis, '. 0. 168       Magneela , 072 

Shaft  No.  17  has  the  following  section;  surface  28  ft.;  paint 
rock,  16  ft;  yellow  ochre  (some  brown  ore),  17  ft;  blue  and 
brown  ore  mixed,  46  ft.  An  average  analysis  from  this  shaft 
was  made  by  E.  P.  Jennings,  Hurley,  with  the  foUowing 
result;  iron,  33.25;  phosphorus,'  .032. 

Shaft  19  has  the  following  section;  surface,  52  ft;  mixed- 
surface  and  ore,  2  ft. ;  brown  ore,  12  ft.;  "sand,"2ft.;  soft  ore, 
(blue  and  brown),  6  ft.;  soft  blue  ore,  12  ft.;  brown  and  blue 
ore  (hard),  6ft;  soft  blue  ore,  13  ft;  brown  ore,  2  ft;  total, 
107  ft     This  entire  shaft  is  dry. 

An  average  analysis  by  Brewster  from  the  first  20  feet  in 
shaft  19,  gave  the  following  result:  Iron,  64.35;  phosphorus, 
.045.    The  next  ten  feet  gave,  iron,  65.95;  phosphorus,  .047. 

Shaft  No.  20  has  the  following  section;  surface,  5  ft.;  brown 
ore,  19  ft ;  hard  blue  ore,  11  tt. ;  brown  and  blue  ore,  6  ft. ;  hard 
brown  ore,  10  ft.;  soft  brown  ore,  mixed  with  some  blue,  17  ft. ; 
brown  ore,  1  ft;  stopped,  no  water.  Analyses  (average)  from 
this  shaft  gave  Brewster:  first  15  feet;  iron,  62.40;  phosphorus, 
.065.  The  next  10  feet  gave  iron,  62.40;  phosphorus,  .068. 
The  next  10  feet  gave  iron.  63.30;  phosphorus,  .068.  The  next 
10  feet  gave  iron  58.65;  phosphorus,  .104,  and  the  next  10  feet 
gave  iron,  60.20;  phosphorus,  .081. 

Shaft  21  has  the  following  section;  surface,  6  ft. ;  brown  ore 
and  yellow  ochre,  20  ft. ;  hard  blue  and  brown  ore,  5  ft. ;  soft 
blue  ore,  clean,  8  ft ;  brown  and  blue  ore,  4  ft, ;  soft  blue  ore, 
10  ft;  brown  ore,  10  ft;  blue  and  brown  ore,  7  ft  Stopped, 
no  water. 
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Average  analyses  by  Brewster  gave  the  following  results 
from  this  shaft: 

First  flftesD  feet,  IroD,  50.85;  Fttospborus,  .091. 
Next  ten  feet,   IroD,    62.50;  Phosphorus,  .063. 
Next  ten  feet,   Irou,    83  45;  Fbosphurus,  .029. 
Nexc  teu  feet,   IroD,    62.2o;  Phosphorus,  .061. 
Next  ten  feet,   Iroo,    83.45;  Phosphorus,  .03& 
Shaft  21  has  56  feet  of  ore,  varying  from  blue  to  brown,  ei- 
cepting  five  feet  of  taconyte,  the  brown  being  about  three  or 
four  feet  at  the  bottom.     This  shaft  apparently  also  has  s  bed 
of  soft  manganese  at  the  depth  of  94  feet. 

Shaft  24  has  a  "surface"  of  29  feet,  and  about  50  feet  of  blue 
ore,  brownish  at  the  bottom,  still  sinking. 

Shaft  25  is  a  repetition  of  shaft  13,  with  the  exception  that  a 
blue  ore  appears  below  the  yellow  ochre,  at  the  bottom,  and 
the  ochre  was  found  to  be  13  feet  thick.  This  gives  reason  to 
expect  that  the  blue  ore  of  shaft  15  will  yet  be  found  below  the 
bottom  of  shaft  13. 

Shaft  26  has  the  following  section:  surface,  23  ft.;  yellow 
ochre,  10  ft.;  brown  and  blue  ore,  4  ft.;  soft  blue  ore,  31  ft-; 
brown  ore,  2  ft.  (just  touched);  total,  70  ft. 

Analyses  were  niad^  from  this  shaft  with  the  following  re- 
"  suits: 

First  teu  feet  in  ore.  Iron,  60.65;  Phosphorus,  .013. 
Second  teu  feet  lu  ore.  Iron,  61.70;  Phosphorus,  .0(2. 
Third  teu  feet  in  ore,  Iron,  66.55:  Phosphorus,  .025. 

It  is  noted  by"  Mr.  Jones  that  there  is  a  body  of  soft  blue  ore 
of  highest  grade,between  two  beds  of  hydrated  ore,  as  shown  in 
all  the  sections. 

Near  the  town  line,  in  the  extension  of  the  line  between  sec- 
tions 2  and  3,a  shallow  pit  struck  green  siliceous  rock, evidently  a 
part  of  the  quartzyte.  It  is  similar  to  the  greenish  schists  and 
slates  lying  south  of  the  quartzyte  foot  wall  at  the  Aurora  mine 
on  the  Gogebic  range."  It  is  a  slaty,  gray  quartzyte,  in  part, 
brittle  and  sharp,  and  in  part  it  is  soft,  greenish  and  largely 
made  up  of  debris  from  the  underlying  greenstone,  with  seri- 
cite  and  argiltyte.  Much  of  it  cannot  be  called  quartzyte.  How- 
ever, it  is  apparently  nearly  on  the  horizon  of  the  fine-grained 
phase  of  the  quartzyte  seen  at  Wicks'.  Here  it  is  below  a 
coarser  sand  rook,  but  at  Wicks'  it  was  reported  by  Wicks  to 
be  above  the  principal  mass  of  coarse  sand  rock. 
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The  following  complete  analyses  was  made  of  the  Biwabik 
■ore  by  Prank  D.  Crolaugh  (Stewart  Iron  Co.): 

Iroa 66.864 

Fbosphonis 009 

Alumina 840 

SUica 880' 

Lime 041 

Hsnganese. 100 

'     Sulphur 030 

HagDesla 021 

Loss  at  red  beat 2. 000 

Titanium Hone. 

Arsenic .' None. 

Copper None. 

Chromium None. 

The  Biwabik  apparently  has  ore  on  three-fourths  of  two 
forties,  an  average  of  50  feet  thick.  Allowing  ten  cubic  feet 
for  one  ton  of  ore,  the  amount  of  ore  "in  sight"  is  found  to  be 
9,905,000  tons.  This  is  a  conservative  calculation.  The  ore  is 
often  60  feet  tliick,  and  even,  in  one  case,  68  feet  in  thickness, 
and  there  is  great  probability  that  the  ore  underlies  more  than 
one  and  a  half  forties.  Mr.  Jones,  under  whose  guidance  the 
foregoing  facts  were  ascertained,  estimated  the  total  ore  '  'in 
sight"  at  eleven  millions  of  tons,  and  others  have  made  it  as 
high  as  twenty- three  millions. 

The  Chicago  mine  is  on  sec.  4,  58-16.  The  land  of  this  com- 
pany is  outlined  on  the  following  sketch  map,  fig.  11. 
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Pin.  11.— Outline  map  ot  the'Ohlcago  Oo.'i  land,  July, 
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The' Chicago  company's  land  was  visited  July  20  and  21, 1892, 
and  the  examination  was  made  under  the  guidance  of  captain 
Johnson.  It  was  a  pretty  thorough  examination,  all  the  trial 
pits  and  shafts  having  been  visited.  On  the  accompanying 
figure  a  few  of  these  pits  are  shown,  viz.,  such  as  were  import- 
ant as  to  some  geological  features  disclosed.  The  only  ore 
body  found  is  near  the  eastern  side  of  the  property,  where  nine 
feet  of  good,  soft,  blue  ore  was  found  in  a  pit.  It  lay  within 
the  taconyte  rock,  having: — 

Surface 15ft. 

Taconyte lift. 

Taconyte,  with  ore  In  lumps 10  ft. 

Suf t,  blue  ore B  ft. 

Taconyte 12  ft. 

But  this  shaft  was  abandoned  at  63  feet  because  there  wa& 
no  return  of  ore  on  going  deeper,  and  because  the  shaft  had 
not  been  well  prepared  for  working  deeper  with  safety.  At  a 
later  date  Mr.  Johnson  reported  that  he  had  began  a  drift  in 
this  shaft  at  the  level  of  the  ore,  about  50  feet  below  the  sur- 
face, and  he  found  the  rocks  dipping  at  an  angle  of  about  30 
degrees  toward  the  west,  and  that  the  ore  apparently  was  in- 
creasing in  amount.  , 

In  the  course  of  the  examination  of  this  tract  it  was  observed 
that  the  taconyte  comes  close  upon  the  quartsyte,  in  separate 
pits,  with  little  or  no  ore,  at  least  in  some  places.  This  oc- 
curs at  the  eastern  and  western  extremes  of  the  property,  and 
there  is  nothing  shown  by  the  intervening  pits  to  indicate  any 
probability  of  a  change.  This  examination  also  tends  to  estab- 
lish some  principles  respecting  the  ore  bodies. 

1.  The  soft  ore  occurs  in  the  midst  of  the  taconyte  rock, 
though  I  had  believed  that  it  occurred,  when  in  considerable 
amount,  first  at  the  bottom  of  the  taconyte. 

2.  The  taconyte  is  separated  from  the  quartzyte  by  a  thin 
stratum  of  hard  brown  ore. 

3.  There  is  a  stratum  of  hard,  fine-grained  qoartzyte,  simi- 
lar to  the  pinkish  quartzyte  at  Wicks',  embraced  In  the  basal 
quartzyte  (1696).  This  seems  to  be  the  same  as  that  detected 
at  the  Cincinnati  and  Biwabik  mines.  ^ 

4.  The  first  phase  of  the  quartzyte  below  the  ore  is  coarse 
and  rather  loose,  as  at  the  Colby  and  Aurora  mines  on  the 
Gogebic  range. 

5.  It  is  fine-grained,  becomes  slaty  and  sometimes  appar- 
ently sericitic,  but  hard  and  brittle,  at  a  lower  level.    In  this 
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condition  it  is  gray  or  green,  and  might  be  styled  novaculyte, 
similar  to  that  lying  belov  the  m^s  of  quartzyte  at  the  east 
end  of  Teal  lake  at  Negaunee. 

6.  The  rock  all  about  the  Chicago  property  is  nearly  flat, 
and  is  unfavorable  for  the  progress  of  the  change  which  has 
been  supposed  to  have  produced  the  ore,  and  so  for  this  rather 
confirms  that  hypothesis. 


The  McKinley  mine,  July  21,  1892. 

On  the  accompanying  sketch  map  the  various  shafts  and  pits, 
as  referred  to  here,  are  located.  Many  others  which  revealed 
nothing  important  are  not  noted. 


Fia.  1!.— UcKlnle;  minea. 

Pit  No.  I,  the  first  one  sunk,  has  18  feet  of  ore,  with  no  taco- 
nyte  overlying.      It  is  40  feet  deep  and  stopped  in  the  ore  body. 

Pit  No.  2  passed  through  the  hard  pan  down  to  the  ore.  No 
capping;  42  feet  deep. 
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Pit  No.  3.  Surface,  7  ft.;  capping,  5  ft.,'  ore,  57  ft.;  stopped 
in  ore;  much  water  at  the  bottom. 

Pit  No.  4.  Surface,  11  ft.;  mixed  ore  and  taconyte,  29  ft; 
ore,  25  ft.;  still  in  ore;  much  water. 

Pit  No.  5.  Surface,  20  feet;  capping,  none;  ore,  30  feet; 
taconyte,  12  feet;  ore,  1  ft;  expect  to  resume. 

Pit  No.  6.  Surface,  60  ft;  ore,  8  ft.;  incomplete  from  bad 
weather;  will  resume. 

Pit  No.  7.  Surface.  12  ft. ;  brolien  taconyte,  28  ft. ;  no  ore 
yet. 

At  the  "old  camp"  a  well  struck  a  "red  grindstone  roek,"but 
no  samples  were  preserved.  It  may  be  a  rusted  conditiou  of 
the  Pewabic  quartzy  te,  or  it  may  be  some  Cretaceous  sandstone. 

The  map  shows  the  line  of  strike  of  a  taconyte  body,  the 
outcropping  bluff  facing  north  and  running  northeastwardly, 
and  below  it  all  the  ore  thus  far  found  in  section  8  has  been 
found.  At  the  present  camp  (see  fig.  12}  a  well  was  dug  in  black 
slates  8  to  10  feet.     The  well  is  32  feet  deep. 

On  some  of  the  McKiuley  laud  the  black  slates  appear,  and 
at  the  well  at-the  new  camp,  they  give  a  water  carrying  sul- 
phuric acid,  evidently  derived  from  the  oxidation  of  pjrrite, 
which  is  in  the  slates  in  crystalline  form.  In  a  pit  further 
north  the  rock,  which  is  apparently  of  the  black  slates,  is 
somewhat  different,  resembling  some  of  the  so-called  ash-beds 
of  the  Cupriferous. 

The  ore  pits  south  of  the  camp,  near  the  townsite  of  McEio- 
ley,  are  probably  all  above  the  main  ore  body.  It  would  re- 
quire some  unexpected  break  or  irregularity  in  the  strike  of 
the  taconyte,  to  cause  the  appearance  of  considerable  ore  de- 
posits in  that  locality,  as  the  surface  is  probably  not  only  above 
the  ore  body  but  also  above  the  main  taconyte  mass.  It  is  the 
opinion,  however,  of  Capt.  Hill,  that  there  may  be  important 
ore  deposits  on  the  present  townsite.  It  was  reported  that  ahed 
of  20  feet  of  ore  had  already  l>een  discovered  in  this  vicinity  and 
that  it  was  likely  that  the  townsite  would  be  changed  to  some 
other  place.  On  examining  this  ore  it  was  seen  to  be  quite  dif 
fereot  from  that  known  to  occur  at  the  lower  horizon.  It  is 
lean,  hard  and  soft  (ochery),  mixed  with  some  green  clay,  some 
slaty  portions,  some  magnetitic,  and  altogether  as  yet  non- 
merchantable.  It  may  be  possible  to  get  a  bed  of  ore  in  there, 
but  as  it  would  be  on  a  new  and  higher  horizon,  it  would  be 
a  new  thing  and  indicate  a  great  increase  in  the  possibilities  of 
the  range. 

Digitized  byCOOgIC 


STATE  GEOLOGIST. 


If^ 

a 

Ul    " 

2 

Ii«- 

•-■• 

.»    .7 

5 

> 

•J 

Lincoln 

-J- 

Fla.  IB'-Hesubl  Houatttln.  S«ciirlt7.  Ylrslnla; 


JHesubi  Sfountain,  Security,    Virginia,  etc. 

The  accompaDying  sketch  shows  the  relative  positions  of 
these  properlies,  aod  some  of  the  pits  that  bad  been  sunk  to 
July,  1892.  Here  the  dip  is  reversed  from  that  usually  met 
with  on  the  Mesabi  range.  The  rock  bearing  the  ore  lies  on 
the  N.W.  slope  of  a  greenstone  ridge,  which  is  a  spur  of  the 
general  greenstone  area  further  north,  and  has  a  N.W.  dip, 
varying  from  N.W.  to  12  degrees  south  of  west,  amounting  to 
5  to  15  degrees.  In  the  axes  of  these  ridges  granite  fre- 
quently is  found  to  take  the  place  of  greenstone.  In  sections 
15  and  14  the  biaffs  of  Pike  river  are  precipitous  and  high  with 
cMSb  of  greenstone,  the  precipitous  cliffs  usually  facing  E.  and 
S.E.  The  same  kind  of  surface  is  in  sec.  29,  in  the  same  town. 
From  some  of  these  hills  of  greenstone  it  is  reported  that  the 
eye  controls  a  vast  country  toward  the  south. 

In  this  region  some  interesting  observations  were  noted. 
Mr.  W.  J.  Merrltt,  who  is  in  charge  of  the  Mesabi  Mountain 
property,  is  of  the  opinion  that  the  main  ore  deposit  lies  above  , 
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the  tacoDyte  rock,  thus  agreeing  with  some  evidence  tending 
to  the  same  conclusion  already  noticed  at  the  McKinley  mine 
This  opinion  is  based  on  some  general  observations  made  by 
him  on  the  geographic  relations  of  those  trial  pits  in  which  ore 
has  been  found  compared  with  those  which  do  not  contain  ore. 
but  have  encountered  the  rock  taconyte.  , 

The  following  notes  describe  the  pits  represented  on  fig.  13. 

First,  Mesabi  Mmintain. — As  given  by  Mr.  Merritt  or  his  su- 
perinttitident,  pit  No.  1  encountered  taconyte  after  passing 
through  three  feet  of  good  ore;  pit  No.  2  struck  what  is  known 
as  taconyte  and  to  which  was  given  the  local  designation 
"stove-plate  rock"  by  the  workmen;  it  was  very  ferruginous 
and  resembled  ore,  but  in  thin  and  brittle  sheets;  pits  Nos.  3 
and  4  encountered  a  fine  blue  ore;  pit  No.  5  struck  red  ore;  pit 
No.  6  encountered  a  peculiar  irony  gravel,  supposed  by  the 
superintendent  and  others  to  be  from  an  old  pre-glacial  goi:ge 
cutting  the  iron  ore  beds;  pit  No.  7  encountered  a  black  ore. 
good  quality,  and  No.  8  had  blue  ore. 

Some  of  these  pits  are  from  50  to  75  feet  deep  ahd  have. 
sometimes,  50  or  more  feet  of  nice  clean  ore. 

The  supposed  glacial  gorge  represented  on  the  sketch  map 
{fig.  13)  passes  from  the  Lone  Jack  property  onto  the  Mesabi 
Mountain,  and  is  considered  to  be  a  very  uncertain  hypotheti- 
cal explanation  of  the  existence  of  certain  gravel.  It  may  be 
that  there  is  a  gorge  in  the  rocks  running  about  as  supposed, 
but  the  gravel  may  be  of  Cretaceous  age  rather  than  post  gla- 
cial. The  gravel  itself  exhibits  every  feature  of  a  promiscuous 
fragmentary  accumulation.  Some  of  it  is  completely  made  up 
of  ore  like  that  of  the  region,  but  of  .rather  low  grfide,  and 
some  of  it  is  apparently  derived  from  a  rock  but  little  affected 
by  ferric  ozida  It  seems  to  vary  exactly  as  the  rock  of  the 
country  does,  that  is,  it  is  "lean"  or  not,  and  its  different  con- 
stituents can  l>e  referred  entirely  to  the  country  rock  adjacent. 
The  further  phenomena  of  this  gorge  will  only  be  revealed  by 
the  mining  operations  that  are  sure  to  follow.  At  the  present 
time  this  gravel  is  simply  overlain  by  the  common  till  and 
graduates  rather  abruptly  upward  into  an  irony  till  and  then 
into  a  gray  till.  The  pebbles  are  cemented  together  by  a  coat- 
ing of  ferric  oxide  deposited  on  them  since  they  were  placed 
in  their  present  position,  indicating  the  later  supply  of  some 
water,  in  large  amount,  capable  of  parting  with  iron  oxide. 
Some  of  the  pebbles  have  an  irony  crust  harder  than  the  inter- 
ior, and  from  the  crust  toward  the  center  there  is  an  increase 
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o;f  coarseness  of  texture,  even  becoming  Bomewbat  spongy,  ia- 
^cating  some  progressive  change  from  tbe  circumference  to- 
ward the  center,  the  whole  pebble,  however,  becoming  good 
Bessemer  hematite;  but  such  pebbles  are  not  common.  The 
great  mass  of  the  gravel,  some  of  it  being  coarse  as  walnuts, 
consists  simply  of  very  irony  rock  of  some  sort,  of  very  uni- 
form grade  throughout.  It  does  not  apx>ear  that  the  gravel 
Has  become  ferruginated  to  any  great  degree  since  its  deposi- 
tion as  gravel.  -  The  ferruginous  surface  film  is  nothing  more 
than  such  as  might  be  found  on  any  exposed  surface  ovei; 
which  the  waters  of  this  region  might  pass. 

In  the  Lone  Jack  property  in  one  pit  the  gravel  was  found  to 
be  35  feet,  and  below  that  a  fine  blue  ore,  continuous  to  a  total 
depth  of  102  feet.  The  other  pit  has  gravel  ore  63  feet  and 
goes  no  deeper. 

Second,  Security. — Two  lines  of  trial  pits  had  been  run  by  the 
sapkorintendent,  J.  M.  Huggins,  -north  and  south  across  the 
uorUi  forty  of  this  property,  which  revealed  some  interesting 
facts  as  to  the  relations  of  the  ore  to  the  rock  taconyte.  The 
second  series  also  extends  over  onto  the  south  forty.  The 
eastern  series  includes  the  following  pits  from  1  to  5  inclusive. 
In  these  pita  a  large  body  of  purple  ore  has  been  developed  at  a 
short  depth  below  the  surface.  The  other  series,  which  lies 
further  west,  including  C,  7,  8,  9  and  10,  encountered  generally 
nothing  but  rock,  though  in  some  cases  overlain  by  ^re,  reach- 
ing a  thickness  of  6  to  9  feet;  yet  in  No.  9,  which  really  lies 
further  east  than  the  r^t,  Mr.  H)]ggins  reported  that  he  found 
an  alternation  of  good  ore  and  taconyte,  about  one-half  being 
ore,  the  beds  of  which  were  one  to  two  feet  thick.  At  the  pit 
No.  10  of  this  series  careful  measurement  was  made  of  the  dip 
of  the  taconyte,  the  result  being  10"  to  15"  west,  10"  north, 
by  compass. 

The  facts  seem  to  show,  so  far  as  the  Security  property  is 
concerned,  that  the  strike  of  the  ore  and  rock  is  about  north  and 
south,  or  a  little  northeasterly,  and  that  the  main  ore  deposits 
are  stratigraphically  below  the  taconyte.  It  seems,  however, 
that  the  ore  is  not  entirely  below  the  taconyte,  as  shown  by  pit 
No.  9,  but  it  is  interbedded  with  it.  It  eJso  appears  by  the 
depth  of  the  pits  in  the  western  series  that  the  main  body  of 
ore  ought  to  have  been  struck  there  if  it  maintains  a  strati- 
graphic  relation  below  the  taconyte.  Upon  the  whole  it  is  un- 
settled'whether  the  ore  body  runs  below  the  taconyte  or  re 
suits  from  a  change  in  the  taconyte. 
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TfUrd,  the  Virginia. — While  there  was  a  series  of  pits  along 
the  western  side  of  the  north  forty  {see  fig.  13),  evidently 
striking  the  same  body  of  tine  ore  as  revealed  on  the  Security 
next  west,  the  whole  dipping  west  northwest,  yet  there  was 
another  belt  of  rock  disclosed  by  a  still  farther  eastward  line 
of  pits,  which  apparently  belongs  near  the  bottom  of  the  ore 
body  and  manifests  about  the  same  uncertain  stratigraphic  re- 
lations as  the  taconyte  on  the  Security.  It  was  the  occurrence 
of  this  body  of  rock,  which  was  taken  by  Mr.  Merritt  as  tbe 
stratigraphic  equivalent  of  the  taconyte  and  t^e  existence  of 
ore  above  the  taconyte  on  the  Security,  that  induced  him  to  re- 
gard the  ore-body  as  generally  stratigraphically  above  tbe 
taconyte  rock.  But  it  is  probable  that  this  is  not  the  strati- 
graphic equivalent  of  the  taconyte,  but  lies  below  it.  This 
rock  is  a  marked  and  persistent  stratum;  it  cannot  be  c^led 
taconyte;  it  is  a  hard  ore,  or  impure  jasper  conglomerate  ore 
and  furnishes  many  boulders  that  lie  all  over  the  surface  in  this 
country;  it  as  certainly  lies  below  the  main  ore  deposit  at  this 
place  as  the  taconyte  further  west  lies  above  it.  This  stratum 
was  struck  in  pits  7  and  9.  The  dip  on  the  Virginia  was  re- 
ported to  be  12°  to  15°  west,  10°  south. 

From  pit  No.  12  on  the  Virginia  was  thrown  out  a  large 
amount  of  kaolin,  the  whole  thickness  being  16  feet.  This 
kaolin  is  in  the  midst  of  ore,  which  lies  both  above  and  below  it 
This  ore  and  kaolin  are  intimately  associated;  they  make 
blotches  in  each  other.  Tbe  kaolin  has  apparently  a  sedimen- 
tary structure  agreeing  with  t)iat  of  the  rocks  of  the  region, 
and  the  hematitic  interlaminations  in  the  kaolin  are  very 
marked.  When  the  kaolin  is  massive  and  coarse  and  nearly 
white,  it  contains  balls  and.leaticular  masses  of  silica.  These 
balls  are  in  both  the  kaolin  and  in  the  red  and  hematitic  por- 
tions, which  seem  to  be  kaolin  stained  with  ferric  oxide.  They 
tiave  a  uniformity  of  position,  being  elongated  in  the  same  di- 
rection. There  is  usually  an  abrupt  transition  between  tiie 
white  and  red  colors,  but  aside  from  the  presence  or  absence  of 
ferric  oxide  there  is  no  apparent  difference  in  this  kaolin. 

To  farther  establish  the  relations  of  the  ore  to  the  taconyte. 
a  special  exploration  was  entered  upon  by  Mr.  J.  W.  Merritt,  of 
the  Mesabi  Mountain  Iron  Co. ,  and  Mr.  P.  W.  Scott,  of  the  Mew 
England  and  Virginia  mines.  The  former  has  begun  to  sink  fr 
shaft  in  the  taconyte  with  the  view  of  going  through  it  or  deep 
into  it  (pit  No.  2  of  Mesabi  Mountain);  and  the  latter  hia  sunk 
three  trial  pits  near  the  mutual  limit  between  the  ore  and  the 
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rock,  as  detailed  below.  This  last  trial  has, demonstrated  that 
the  rock  is  actually  converted,  on  the  same  stratigr&phic  plane, 
into  ore.  The  facts  are  as  follows,  and  they  can  be  illustrated 
by  figures  14,  15  and  16: 


Tut,  14.  A  perpeadloulM'  seotlOQ  thi 
pLutdjKeDt* .---<- -•-  -- 


Fig.  is.   FortloD  ol  the  neat  side  ol 


On  the  sketch  map  (fig.  13)  may  be  seen  the  location  of  these 
three  trial  pits,  numbered  1,  2  and  3,  on  the  Virginia  property. 
Pit  No.  1  of  this  series  encountered  black  ore  in  large  quantity 
at  the  depth  of  13  feet  below  the  surface,  the  ore  being  found 
to  he  at  least  33  feet  thick.  Numerous  other  pits  in  the  imme- 
diate vicinity  had  gone  deep  in  good  blue  ore,  one  being  the 
deepest  in  the  ore  yet  sunk  on  the  range — 102  feet;  others  were 
so  near  an  area  of  taconyte  rock  that  it  appeared  easy,  by  one 
or  two  intervening  pits,  to  develop  what  relation  exists  be- 
tween the  ore  and  the  rock.  There  is  a  distance  of  75  feet  be- 
tween pits  1  and  8  (see  fig.  14'),  the  former  being  further 
north  and  46  feet  deep,  with  33  feet  of  good,  clean,  black  ore, 
and  ore  still  deeper;  the  latter  but  7  feet  deep  and  on  the  ledge. 
Then  pit  No.  2  was  sunk  at  50  feet  from  No.  1 ;  this  one  struck 
the  rock  at  12  feet,  dipping,  as  in  No.  3,  about  10°  or  12°  N.  N. 
W.,  or  toward  pit  No.  1.  In  this  pit  (No,  2)  rock  exists  on  the 
sonth  side  and  ore  on  the  north  side  (see  fig-  15).  There  is 
an  indistinct  trace  of  the  sedimentary  structure  in  the  Form 
of  a  thin  white  kaolinic  sheet  running  from  the  rock  well  out 
into  the  ore;  but  in  general  the  ore  part  is  disturbed  and 
sunken  down  from  the  rock.    There  are  irregular  pockets  in 
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the  rock,  consisting  of  ore,  connected  with  the  main  ore  body, 
bat  the  bottom  of  Uie  pit  is  almost  wholly  in  ore.  The  kaolinic 
sheets  of  the  rock  remain  white  and  distinct  as  such — even  in 
the  otherwise  changed  rock — and  show  that  the  kaolin  ante- 
dates the  ore  as  a  native  element  in  the  formation.  Messrs. 
Scott  and  Short  both  went  down  with  me  into  this  pit,  and  with 
pick  and  hammer  we  made  close  examination.  The  outlines  of 
the  rock  on  the  bottom  of  the  pit  and  its  appearance  on  the 
west  side  of  the  pit  are  represented  in  figures  15  and  16. 
Some  specimens  were  taken  from  the  line  of  junction  of  the 
rock  and  ore,  showing  distinctly  the  rather  abrupt  change  be- 
tween them,  the  sedimentary  beds  being  continued  from  one 
part  to  the  other  (1707).  This  was  of  a  rather  soft  ore  and  a 
rather  soft  rock. 

Mr.  L.  W.  Ayer,  who  was  much  interested  in  this  trial,  sub- 
sequently wrote  the  following  report  as  to  further  develop- 
inents. 

Mesabi  Mountain  Cauf,  Auk.  ^i  1882. 
Prof.  N.  H.  Winchell.  Minnbafolis,  Mimn. 

Dbab  Sib:— AKreeablr  with  my  promiiie  to  keep  you  posted  as  to  tbe 
resultiB  of  the  work  In  the  pit  No.  2,  on  the  Virginia  property.  Id  the  N.E. 
corner  of  the  H.  E.  i  of  S.  E.  i  sec.  8,  T.  58,  U  W.,  I  beg  to  report  as  fol- 
lows: 

On  ttie  28th  ult.,  the  day  you  left  here,  the  pit  was  twenty  feet  deep 
with  fourteen  feet  surface  clay  aod  boulders,  then  taconyle  apparently  in 
trans  form  atl  on— the  half  of  the  pit  toward  the  northwest  or  toward  the 
ore  bed  being  mostly  good  ore,  though  generally  of  low  grade,  and  run- 
ning Into  the  taconyte  lu  almost  Imperceptible  gradations. 

Id  the  nest  four  feet  the  relations  continued  about  the  same,  the  ore  a 
little  better  perhaps. 

In  ; the  next  two  feet  appeared  a  comparatively  high  grade  soft  ore 
mixed  with  a  light  colortd  quartz  sand. 

Next  eighteen  or  twenty  iocbes— thin  layers  of  hard  ore,  low  grade,  one 
and  a  half  to  two  inches  thick,  alternating  with  sand.  When  blasted 
this  ore  broke  into  small  fragments  from  one  to  three  inches,  with  rec- 
tangular faces  .1 

From  this  depth  (about  thirty  feet)  to  the  tiottom  of  the  pit,  a  depth  of 
thirty-flve  feet  in  all,  was  quartzyle,  very  slightly  "banded"  by  streaks  of 
iron. 

The  property  having  In  the  meantime  been  leased,  the  original  inten- 
tion to  put  the  pit  dowD  to  determine  the  tblckDess  of  the  rock  and  the 
question  of  an  ore  body  under  the  rock  was  abandoned,  and  the  pit  left 
as  above  stated  at  a  depth  of  thirty-flve  feet,  with  the  connected  prob- 
lems still  unsolved. 

The  appearance  of  the  pit  when  you  were  here  very  strongly  supported 
the  replacement  theory,  and  I  was  nearly  a  convert,  but  the  later  develop- 
ments make  the  matter  look  uncertain  again. 


Yours  very  truly,  Ltman  W,  Ater. 

Digitized  byCOOgIC 


STATE  GEOLOaiST. 


1S8 


It  would  appefu*  from  Mr.  Ayer's  letter  that  the  location  of 
pit  No.  2  was  such  that  when  the  rock  was  first  struck  It  re- 
vealed the  line  of  transition  from  rock  to  ore,  yet  on  being  sunk 
deeper  disclosed  only  uiichan£:ed  rock  or  nearly  so.  It  is  evi- 
dent, therefore,  tha.t  the  line  is  a  zigzag  one  and  that  the  fur- 
ther developments  do  not  throw  any  doubt  upon  the  oonclu- 
siODS  Indicated  at  first.  Had  the  workmen  followed  the  rock 
lying  to  the  north,  instead  of  going  perpendicular,  they  doubt- 
less could  have  kept  the  line  of  transition  within  sight. 

The  following  figure  (No.  17)  is  intended  to  express,  so  far 
as  revealed  at  this  visit,  the  areas  of  three  taconyte  bodies  sep- 
arated by  ore  bodies,  both  lying  nearly  horizontal.  It  is  not 
possible  that  such  a  relation  could  exist  without  a  local  change 
of  the  rock  of  the  country  to  iron  ore.  It  remains  yet  to  dis- 
cover what  was  the  original  rock  and  what  were  the  causes 
of  its  transformation. 


FIQ.  17.-Three  akwnrte  aroaj  Id  bbc.  9.  T.  58. 17  W. 

In  the  midst  of  these  interesting  developments  the  writer 
made  a  summary  of  the  facts  developed  on  the  Mesabi  range 
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touching  the  problem  of  the  ores  of  the  range,  and  read  the 
paper  before  the  American  Association  for  the  Advancement 
of  Science.*  Subsequently  this  paper  was  printed  in  full  in 
the  Americas  Greologist,  fas  follows: 

80MB  PROBLEMS  OF  THE  MESABI  IRON  ORB4 

n.  B.  WiHCHEU.  MluneBpolb. 

CONTENTS. 

TheorleB  of  tbeorlsln  ot  the  ore  klrokdr  propoaed. 
Some  f  actB  of  ItB  mauner  ot  occurrence. 

Exteot  of  the  ruige. 

Kinds  of  ore. 

The  tlMnlo  orea  eicladed  from  this  dlsciiHton. 
Difficulties  Id  the  w&y  ol  ncceptance  ot  an;  ot  the  proposed  theories. 


Absence  of  limestone  In  the  Iroa  bea^og 

DlfTaHlon  ot  Iron  througb  feirlteroui  son 

Why  is  such  supposed  concentration  always  at  the  same  horizon? 


Absence  of  dikes  outtlnR  lilted  beds. 
Prevalence  of  pervious  rather  tban  Impervious  itMita. 

Evident  changes  in  the  rook  ot  the  country,  vhether  In  the  forms  of  breeds  snil 
gravel  or  M«IEu. 

Bom  nMBMART  POBTOLITES. 

1.    The  ore  bos  a  definite  position  In  the  stratlBcatlon. 
S.    Itlsunderlalnb;  aporousquartiyte. 


it  Isoverlaln  by  or  results  froia  obanire  In  taoonyte. 


great  gabbro  disturbance  Is  believed 

L  or  Htra 

jt  least  UO  miles  In  Hlnneuota. 
T.    In  the  near  vlolntty  of  the  gabbro  Invuslon  the  ore  Is  hardsned  andlargelf 

converted  to  magnetite. 
t.    It  exlBla  abo  as  an  Important  ore  horizon  further  south,  and  beneath  ISO  feel 

otblaok  slates,  having  been  struck  by  diamond  drill.  Simllsr  tacts  are  reported 

from  Henomlnee.  Hlcb. 
9.    The  whole  ore  bed  Is  sometimes  an  original  breccia,  and  at  times  some  ot  the 

associated  rook  strata  ooQslst  ot  coarse  breoc las  and  ot  conglomerates. 


No  theory  yet  propoaed  tor  this  ore  la  wholly  acoeptohle. 
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suggest  an  Intimate  relation  between  the  ore  and  the  gabbro. 


11.   If  the  assignment  of  the  date  of  the  gabbrotothlshoriion'be  tally  estsbllih- 
ed, it  would  fumlshaeausatMraforsome  of  the  physical  features,  and  wduM 


Perhaps  there  is  no  more  important  or  more  interesting 
question,  at  present  debated,  relating  to  the  iron  ores  of  the 
Northwest,  than  that  of  their  origin  and  their  stratagraphic 
relations.  E^rom  an  economic  standpoint,  no*  less  than  from  ft 
scientific,  there  could  be  no  more  important  question,  for  it  is 
not  until  the  geological  relations  and  origin  of  these  ores  are 
understood  that  proper  methods  of  mining  them  can  be  entered 
upon,  and  with  the  least  expense.  It  is  because  of  recent 
studies  in  the  field,  adding  some  new  facts  to  the  solution  of 
this  problem,  or  complicating  it  by  the  injection  of  some  new 
conditions,  that  the  writer  desires  to  review  the  elements  of 
the  problem  and  to  show  the  difficulties  that  yet  lie  in  the  way. 
It  will  be  well  to  enumerate  briefly  the  hypotheses  that  have 
been  propounded  recently,  as  an  introdnctioa  to  this  discus- 
sion.   There  are  five. 


■Rochester  meeting.  ISII2,  p.  ITS. 
tVol.  X.  pp.  1«»-ira.  Sept..  IBSe. 

tKead  August  22,  1802,  before  Section  E,  of  the 
Advancement  ot  Science,  Rochester,  N.  T. 
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1.  Substitution  for  limestone.  Microscopic  examination  re- 
vealed the  existence  of  remnants  of  calcite,  or  dolomite,  in 
some  of  the  "cherts"  accompanying  these  ores  in  some 
places,  and  after  long  research  the  late  professor  Irving 
arrived  at  the  conclusion  that  the  whole  body  of  the  ore 
horizon  was  originally  in  the  form  of  a  limestone  essentially 
a  "cherty  carbonate,"  simulating,  in  origin -and  essential 
characters,  the  black-band  ores  of  the  Carboniferous.  This 
inferentially  led  to  the  idea  of  a  great  primordial  carbonifer- 
ous age. 

2.  Sfibatitution  for  carbonate  of  iron.  Owing  to  the  frequency 
of  GQch  a  change  observed  in  nature,  it  was  but  a  short  step 
to  suggest  a  carbonate  of  Iron  instead  of  a  carbonate  of  lime. 
This  would  more  readily  supply  the  iron,  which  must  be  ex- 
plained, than  carbonate  of  lime,  and  at  the  same  time  would 
only  require. a  slight  change,  if  any,  in  the  nature  of  the 
original  rock,  and  in  the  conditions  of  its  deposition. 

3.  Concentration  of  iron  oxide  from  the  decay  of  ferriferoua 
achiata,  or  other  rock.  When  rocks  decay,  it  makes  but  little 
difference  what  they  are,  they  part  with  their  contained  iron. 
It  may  go  off  in  solution,  if  the  proper  acids  be  present,  and 
be  gathered  as  oxide  under  ordinary  natural  drainage  and 
weathering,  in  considerable  quantities,  on  the  evaporation  of 
die  solvent  at  some  lower  level.  This  process  has.  been  sug- 
gested as  the  possible  cause  of  the  accumulation  of  these  ores 
at  the  stratigraphic  horizon  where  they  occur. 

4.  Accumulation  in  troughs  for/hed  by  dykes  cutting  tilted  strata 
at  a  somewhat  uniform  inclination,  the  iron  itself  being  supposed 
to  have  been  carried  down  and  deposited  by  ferriferous  waters, 
replacing  a  supposed"cherty  carbonate."  This  hypothesis  in 
volves  the  same  conditions  and  processes  as  No.  1  above,  but  also 
gives  explanation  of  the  location  of  the  supposed  ore  lenses. 
At  the  same  time  it  involves  the  decay  and  concentration  in  a 
definite  rbck  horizon  which  is  demanded  by  No.  3. 

5.  Deposition  from  oceanic  solution  at  the  time  of  the  formation 
of  the  rocks  associated.  That  the  iron  ores  of  the  Keewatin  age 
were  deposited  from  solution,  has  been  inferred  from  their  as- 
sociation with  rocks  whose  composition  requires  the  cotempo- 
raneous  action  of  eruptive  forces — but  which  are  stratified  by 
oceanic  agency — such  eruptive  action  causing  chemical  reac- 
tions that  would  result  in  the  precipitation  of  iron  and  silica. 
This  hypothesis  has  been  applied  by  the  writer  also  to  a  por- 
tion of  the  Mesabi  ores,  viz. ,  such  as  are  embraced  as  some- 
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-what  irre^fular  (wanderiDg)  strata  in  the  lower  portioD  of  the 
formation.  Such  may  be  either  hematite  or  magnetite.  It 
may  perhaps  be  extended  farther  than  has  been  proposed. 

SoTtte  facts  of  the  mamner  of  occurrence. 

The  Mesabi  iron  range  extends,  wltiiin  the  limits  of  Minne- 
sota, a  known  distance  of  more  than  150  miles,  and  it  is  iron- 
bearing  through  its  whole  extent.  It  commences  at  the  west 
end  of  Gunflint  lake,  on  the  national  boundary,  and  has  been 
partially  explored  sonthwestwardly  as  far  as  the  Mississippi 
Tiver  near  the  falls  of  Pokegama.  The  iron  horizons  do  not 
fiuctuate  in  their  stratigraphic  positions.  The  iron  varies  as  the 
character  of  the  accompanying  rock  varies.  It  is  a  duplex 
range  and  embraces  ores  of  two  distinct  origins  and  kinds. 

The  more  southerly  portion  of  the  range,  which  is  made  up 
of  gabbro  hills,  contains  large  deposits  of  titanic  magnetite, 
and  this  may  be  dismissed  with  the  statement  that  this  ore  is 
at  present  not  used,  dnd  of  little  economic  concern.  This  dis- 
cussion appertains  wholly  to  the  more  northern  belt  where  tlie 
recent  remarkable  developments  have  t>een  made.  This  north- 
em  belt  embraces  non-titanic  magnetite  and  hematite  as  well 
as  limonite  and  gcethite,  or  "yellow  ochre,"  as  it  is  sometimes 
denominated  by  the  miners.  The  magnetite  thus  far  discov- 
ered is  not  of  economic  importance,  compared  with  the  hema- 
tite and  goethite,  but  there  are  explorations  now  being  made  in 
some  of  the  magnetites  which  promise  to  become  perhaps 
equally  valuable  with  the  hematites. 

The  non-titanic  magnetite  is  found  in  the  eastern  portion  of 
the  range  and  at  a  lower  horizon  in  the  strata  than  the  hema- 
tites, and  when  it  is  represented  in  considerable  amount  there 
is  little  or  no  hematite  in  commercial  quantities.  It  is  some- 
times in  close  asssociation  with  the  gabbro  containing  titanic 
magnetite,  and  it  is  a  reasonable  hypothesis  to  refer  the  mag- 
netic quality  to  the  effect  of  the  heated  gabbro  on  the  original 
ore,  concentrating  the  iron  by  the  expulsion  of  some  of  the 
oxygen.  Still  there  is  a  trace  of  magnetic  ore  further  west. 
It  is  there  found  in  lean  iron-bearing  rock,  and  occupies  belts 
of  a  few  inches  which  pass  through  the  rock  in  a  rather  pecul- 
iar zigzag  or  wandering  fashion.  But  still  further  west  the 
Pewabic  quartzyte,  which  is  the  horizon  which  holds  the  majf- 
netite  in  the  eastern  end  of  the  range,  is  again  regularly  inter- 
stratified  with  magnetite  in  considerable  amount,and  as  such  it 
has  been  explored  for  commercial  uses. 
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Hard  hematite  is  found  ia  the  Mesabi  range,  but  it  is  rather 
as  an  accideDtal  appendage  of  tlie  soft  hematite,  and  usually  it 
grades  into  low-grade  ore  and  is  discarded. 

Hard  limonite  is  found  in  larger  quaotities  than  hard  hema- 
tite. It  is  apt  to  be  impure,  and  it  occurs  in  somewhat  the 
same  manner  as  the  magnetite — i.  e.,  it  branches  and  perme- 
ates a  rock  bed  Irregularly,  though  fi-equently  seen  in  distioct 
nodnles  and  in  vugn  when  it  is  found  to  be  a  valuable  ore. 

The  hydrated  oxide,  however,  in  the  form  of  gcethite  is  quite 
abundant.  Some  shipping  mines  will  depend  largely  on  this 
ore.  The  pre  is  in  the  form  of  ochre-yellow  powder,  or  small 
masses  easily  reduced  to  powder.  It  is  found  only  in  the  re- 
gion of  the  recent  new  developments,  in  the  western  portion  of 
the  range. 

Soft  hematite,  however,  is  the  ore  for  which  the  "Range"  will 
be  celebrated.  This  has  recently  been  discovered  in  indefinite 
and  almost  incalculable  amounts.  It  is  generally  amorphous, 
bnt  in  lumps,  frequently  as  if  a  breccia  of  some  sedimentary 
rock,  easily  crushed,  and  it  also  exists  as  a  granular  powder, 
finer  than  mustard  seed,  and  can  be  mined  by  the  simplest' 
methods.  The  plans  now  being  entered  upon  for  excavating  it- 
only  require  a  steam  shovel  and  a  railroad  train. 

Stratigraphic  relatUma. 
The  horizon  in  which  this  ore  occurs  is  that  which  has  been 
identified  as  Taconic,  or  primordial.  The  strata  have  a  gentle 
dip  toward  lake  Superior,  and  a  uniform  strike  from  one  end. 
of  the  range  to  the  other.  The  strata  9>re  as  follows  in  de- 
scending order,  omitting  minor  variations. 

1.  Black  slate  with  Interbedded  sheets  of  eruptive  materials 
which  are  widespread  and  non-amygdaloidal. 

2.  Gabbro  out-break.  Titanic  ore  horizon.  The  line  of  this- 
outbreak  is  found  not  to  follow  the  present  northern  strike  of 
the  hematite  ore  horizon,  but  to  encroach  upon  it.  giving  hard 
ores  in  the  eastern  end  of  the  range,  while  toward  the  west  its 
line  of  outbreak  turns  more  southerly,  passing  the  head  of  lake 
Superior  at  Duluth,  bnt  apparently  forming  a  bed  of  conglom- 
erate and  breccia  along  the  ore  belt,  noted  at  vanons  plac«s 
between  Gunflint  lake  and  Pokegama  falls. 

3.  A  peculiar  siliceous  rock,  partly  jasperoidal,  partly  of 
hard  hematite,  or  hard  limonite,  sometimes  conglomeritic  and. 
brecclated,  cherty,  flinty,  usually  gray,  sometimes  partly  black 
or  purple,  and,  toward  the  west,  kaoliuic,  toward  the  east  holdr 
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ing  some  magnetite.  Altogether  this  is  ^  non-deacript  rock, 
which  sometimes  is  fifty  feet  in  thickness,  but  so  far  as  devel- 
oped near  the  mines  is  less  than  twenty.  In  is  a  pretty  con- 
stant rock  and  when  the  ore  is  absent  it  lies  on  or  varies  to  the 
Pewabic  quartzyte.  This  is  the  horizon  of  the  hard  hematite, 
hard  limonite  and  of  some  of  the  non-titanic  magnetite.  In 
some  way  not  yet  fully  determined  it  is  associated  with  the 
next.  It  is  not  yet  certain  that  all  the  soft  oi-e  is  derived  from 
a  change  of  this  rock  to  ore.  but  it  is  very  certain  that  in  some 
cases  this  rock  is  converted  to  ore.  It  overlies,  apparently,  the 
chief  ore  body  of  the  range,  or  its  lower  portion  is  changed  to 
ore. 

4.  The  chief  horizon  of  soft  hematitit!-  The  greatest  thick- 
ness this  bed  has  yet  been  found  to  exhibit  is  105  feet.  In  the 
midst  of  this  ore  are  found  sometimes  irregular  masses  of  rock 
like  No.  3,  as  if  remnants  of  that  stratum  not  yet  converted  to 
ore,  while  some  strata  of  soft  ore  are  found  also  in  the  midstof 
No.  3.  Not  enough  working  has  been  done  yet  to  reveal  all 
the  relations  of  the  ore  to  No.  3. 

5.  Pewabic  quartzyte.  In  the  near  vicinity  of  the  gabbro 
foci  this  is  remarkably  modiSed.  Originally  probably  a  chem- 
ical oceanic  precipitate  in  its  upper  portion  it  is  consolidated  to 
a  vitreous  quartzyte,  but  at  more  distant  points  it  is  composed 
of  distinct  rounded  grains.  The  upper  portion  is  in-  the  form 
of  chalcedonic  silica(so-called),a  phase  which  extends  westward 
with  modifications,  so  far  as  observed,  at  least  to  town  60-13. 
On  the  other  hand  this  quartzyte  becomes  less  siliceous,  hav- 
ing a  feldspathic  element,  and  even  an  olivinitic  constituent, 
and  sometimes  large  hornblende  crystals  embrace  the  quartz 
grains  in  a  common  matrix.  When  olivinitic  it  is  also  magnet- 
itic  and  constitutes  an  important  iron  ore.  In  some  places  far- 
ther west,  near  the  Mississippi  river,  is  a  quartzyte  which  is 
evidently  the  same,  regularly  interbedded  with  magnetite  in 
thin  alternations. 

6.  Conglomerate.  This  is  simply  the  base  of  Uie  quartzyte, 
and  takes  on  the  character  of  the  older  underlying  rock.  When 
it  lies  on  the  greenstones  its  cementing  matrix  is  green,  when 
on  the  granite  it  is  more  siliceous  and  lighter. 

Northward  from  the  strike  of  these  strata  extends  the  Archtewi 
complex,  embracing  the  rocks  and  ores  of  the  Vermilion  range 
and  the  foregoing  beds  lie  unconf ormably  on  the  upturned  edges 
of  the  older  rooks  where  the  two  formations  come  into  contact 
But,  wherever  the  highland  spurs  of  the  older  rocks  extend 

DigilizBdbyCOOgIC 


STATE  GEOLOGIST.  139 

further  southward,  the  primordial  strata  sweep  about  their 
bases,  dipping  in  opposite  directions  on  opposite  sides  of  the 
spurs.  They  occupy  no  constant  level,  which  might  be  consid- 
ered an  oceanic  shore  line,  bat  they  seem  to  exist  where  erosive 
agents  have  not  been  able  to  remove  them.  Hence  they  may 
have  extended  formerly  much  further  north.  It  happens, 
however,  that  a  range  of  granitic  hills,  the  Giant's  range,  oc- 
curs but  a  short  distance  to  the  north,  and  sometimes  the  strike 
of  the  Taconic  is  coincident  for  some  miles  with  the  sonthern 
base  of  this  range.  In  other  places  a  belt  of  "greenstone," 
which,  however,  is  itself  rather  rough  and  rises  nearly  as  high 
as  the  granite  hills,  intervenes  between  the  Taconic  and  the 
granite. 

It  is  evident  that  the  present  surface  contour  is  but  a  poor 
guide  to  the  stratigxaphist  in  attempting  to  determine  the  rela- 
tive ages  of  these  terranes,  for  the  surface  must  have  suffered 
a  profound  degradation.  The  gabbro  rock,  which  is  by  all 
conceded  to  be  an  irruptive  rock,  shows  no  sign  of  ever  having 
outflowed  at  the  surface  of  the  earth.  It  is  not  bedded  by 
amygdaloidal  partings,  nor  has  it,  so  f&r  as  known,  any  vari- 
able texture  due  to  contacting  with  other  older  rocks.  Yet  it 
comes  into  contact  with  various  older  terranes,  having  crowded 
bacliward  upon  them  while  yet  confined  within  the  crust  of  the 
eartii,  without  reaching  the  surface.  It  has  been  seen  overly- 
ing the  Pewabic  quarb^te,  the  Keewatin  greenstone  and  the 
granitic  rooks'  of  the  Giant's  range,  but  maintaining  every- 
where a  coarso  and  crystalline  texture.  It  seems  as  if  the 
irruptive  movement  must  have  been  very  slow,  and  that  it  pro- 
gressed not  forcibly,  but  as  rapidly  as  the  heating  of  the  adja- 
cent rocks  rendered  them  more  flexible.  Subsequent  to  the 
molten  invasion  the  surface  degradation  took  place  revealing 
the  deep-seated  contacts  which  we  see.  It  has  been  the  writer's 
opinion  that  this  event  of  the  eruption  of  the  gabbro  took  place  • 
immediately  after  the  deposition  of  the  Pewabic  quartz^^te, 
based  on  the  interbedding  of  that  quartzyte  with  a  rock  resem- 
bling the  gabbro,  and  on  the  observed  immediate  overlie  of  the 
gabbro  on  an  extensive  area  of  the  quartzyte.  This  observed 
overlie,  however,  loses  its  importance  when  it  is  learned  that 
the  gabbro  also  overlies  the  Keewatin  and  the  crystalline  gran- 
ite of  the  Giant's  range,  and  the  date  of  the  disturbance  will 
have  to  remain,  as  heretofore,  not  definitely  established. 

In  farther  considering,  however,  the  Mesabi  iron* ore,  certain 
problematic  difficulties  appear  in  the  way  of  accepting  any  of 
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the  proposed  theories  for  the  origin  of  the  ore.     These  may  be 
enumerated: 

1.  There  is  no  limestone  known  in  the  region  which  could 
be  considered  the  parent  rock  giving  rise  to  this  ore  by  a  pro- 
cess of  sabstitution,  nor  has  there  been  any  stmck  by  any  of 
the  diamond  drills  that  have  recently  been  driven  through  the 
ore  horizon. 

2.  There  is  no  known  horizon  of  spathic  iron  which  can  be 
oonsldered  to  have  been  converted  to  oxide. 

8.  There  is  no  dissemination  of  carbonate  of  lime  in  the 
form  of  calcite,  such  as  to  indicate  that  the  ore  may  have  re- 
sulted from  a  substitution  of  iron  for  lime.  The  sparse  ming- 
ling of  minute  fragments  of  calcite  crystals,  in  microscopic  sizes, 
with  the  silica  of  the  chert,  in  some  of  the  less  fert-uginons 
parts  of  the  formation,  is  hardly  suf&cient  to  account  for  such 
a  vast  deposit  of  iron  ore.  It  seems  like  trifling  with  the  prob- 
lem to  appeal  to  such  a  cause  for  the  ore. 

4.  As  to  concentration  by  decay  of  ferruginous  schists 
— the  process  seems  to  have  been  the  reverse,  viz.,  from  the 
ore  has  been  diffused  iron  oxide  through  non-ferraginons 
schists,  so  that  for  several  feet  from  the  ore  the  surround- 
ing rock  is  stained  a  vermilion  or  brownish  red.  This  has 
not  only  affected  some  of  the  green  schists,  bub  also  some 
of  the  underlying  quartzyte.  And  again,  on  the  theory 
of  ferruginous  concentration  from  schists,  or  from  any  rocit, 
it  is  necessary  to  explain  the  singular  fact — singular  under 
that  hypothesis — of  t^e  occurrence  of  the  ore  always  at  the 
same  stratigraphic  horizon  in  the  same  formation.  Why 
should  not  this  ore  accumulate,  at  least  sporadically,  at  some 
lower  or  slightly  higher  stratigraphic  horizon?  Here  we 
find  it,  for  ISO  miles,  maintaining  its  position  in  the  series 
as  constantly  as  any  of  the  beds  that  are  associated  with  it 

5.  The  absence  of  dykes  of  irruptive  rock.  These  have 
been  supposed  to  have  played  an  important  role  in  the  con- 
centration of  the  hematites  of  the  Penokee  range,  on  the 
south  side  of  lake  Superior.  Yet,  on  the  north  side  but  one 
such  dyke  has  been  discovered,  and  that  ip  in  the  eastern 
extension  of  the  iron  range  where,  notwithstanding  a  yew's 
costly  exploration  in  the  vicinity,  no  hematite  lias  yet  been 
found  in  commercial  quantities.  At  the  western  end  of  the 
range,  where  the  recent  discoveries  have  been  made,  not  a 
single  dyke'  has  been  discovered.  Further,  the  strata  tiiat  * 
enclose  tbe  ore  are  not  impervious,  and  could  not  form  trooghs 
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by  any  combination  of  dyke  and  dip.  but  the  underlying  rock 
is  a  loose  white  sandBtone.  It  has  sometimes  become  deeply 
stained  by  the  downward  percolation  of  surface  waters  carry- 
ing the  ore  mechanically  amongst  its  rounded  grains. 

6.  There  Is  an  apparent  extensive  change  in  the  rock  of  the 
conntry.  The  details  of  this  change  cannot  be  given  here.  As 
one  stands  at  the  brink  of  one  of  the  excavations  and  sees  dis- 
tinctly a  sweep  of  plainly  originally  sedimentary  layers,  across 
the  face  of  the  cut,  manifesting  all  the  usual  characters  of 
sedimentation, and  reflects  that  the  strata  which  he  now  be- 
holds consist  of  bessemer  hematite,  slightly  brecciated,  soft, 
easily  mashed,  he  is  driven  to  one  of  two  conclusions — either, 
first,  that  the  ore  was  deposited  %b  a  constituent  part  of  a  sedi- 
mentary series,  or  second,  that  it  is  the  result  of  some  grand  sub- 
stitution process  by  which  hematite  has  been  made  to  take  the 
place  of  the  original  sediments.  There  are  besides  numerous 
minor  evidences  of  some  transition  in  the  rock  from  its  origi- 
nal composition  to  hematite,  viz.: 

(a)  Sometimes  a  gradual  encroachment  of  a  hematite  col- 
oration from  the  outer  portions  of  a  block,  or  layer,  upon  a 
gray  or  blue  central  area. 

(b)  Sudden  cessation  of  a  band  of  hematitic  coloration  at  a 
fissure  which  evidently  the  waters  producing  the  coloration 
could  not  pass,  and  the  passage  of  the  same  waters,  as  shown 
by  the  narrow  streak  of  hematite  in  the  fissure,  down  the 
fissure  away  from  the  band  before  affected,  leaving  that  por- 
tion on  the  other  side  of  the  fissure  unstained — while  at  the 
same  time  the  sedimentary  banding  of  the  whole  rock  sweeps 
unimpaired  across  the  whole  face,  from  one  side  of  the  fissure 
to  the  other. 

(c)  There  are  larger  areas  where,  as  revealed  by  some  of 
the  shallow  shafts  on  the  western  end  of  the  Mesabi  range,  there 
is  an  abrupt  change,  horizontally,  from  rock  to  ore,  the  separ- 
ating line  being  distinct  for  a  perpendicular  distance  of  at  least 
two  feet.  In  other  places  in  the  same  shaft  the  ore  and  rock 
encroach  irregularly  upon  each  other.  In  these  cases  the  ore 
is  soft  red  hematite.  If  the  process  of  substitution  were  now 
going  on  it  would  be  reasonable  to  expect  the  oxide  would  bo 
hydrated,  especially  as  such  transition  is  within  a  few  feet  of 
the  surface  and  easily  accessible  by  atmospheric  waters. 

(ri)  Not  only  is  the  rock  changed  in  aitu,  but  as  breccias  and 
gravels  large  deposits  are  found  in  which  the  pebbles,  rounded 
as  in  a  river  current,  or  on  an  ocean  bfeach,  are  converted  to 
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hematite.  Such  pebbles  were  rounded,  while  still  rocb,  aod 
were  subsequently  converted  to  hematite.  This  is  evinced  by 
the  varying' texture,  and  concentric  structure  which  change 
somewhat  regularly  from  the  surface  to  the  center,  the  outer 
crust  being  dense  and  the  central  portions  being  vesicular. 
Whether  such  pebbles  appertain  to  the  rocky  strata,  or  are  of 
the  age  of  the  drift,  has  not  as  yet  been  determined. 

Some  neceaeary  poatulatee. 
Notwithstanding  it  seems  inadmissible  to  adopt  any  theory 
proposed  hitherto  for  the  origin  of  this  ore.  and  that  we  are 
not  qualified  to  propose  a  new  one.  there  are  some  important 
facts  which  must  be  taken  into  account  when  the  true  explana- 
tion is  discovered.  These  facts,  which  are  based  on  observa- 
tions made  partly  during  the  present  season,  may  be  set  down 
severally  as  postulates  on  which  some  satisfactory  theory  may 
possibly  be,  in  part,  built  at  some  future  time. 

1.  The  ore  has  a  definite  position  in  the  stratificaticn. 

2,  It  is  underlain  by  a  porous  quartzyte. 

8.  It  is  overlain  by,  or  results  from  a  change  in  a  pecuUar 
rock  to  which  we  have  given  the  name  taconyte.  [To  be  des- 
cribed fully  at  a  later  date.] 

4.  The  whole  ore  bed  is  sometimes  a  breccia  of  some  sedi- 
mentary rock,  lying  loose,  and  sometimes  compact  brecciated 
or  even  conglomeritic  phases  are  common.  Rarely  a  pebbly 
ore  is  found. 

5.  It  is  associated  with  much  kaolinic,  but  water-stxatified 
rock,  and  often  the  white  kaolin,  though  embraced  in  the  ore, 
is  unstained  by  it. 

6.  It  occurs  at  the  same  horizon  the  whole  length  of  the 
Mesabi  range. 

7.  When  the  gabbro  of  the  Mesabi  range  is  adjacent  this  ore 
is  found  to  be  hard — either  hematite  or  magnetite,  but  it  is 
never  affected  by  titanic  acid— though  it  is  by  sulphur  under 
such  circumstances. 

8.  Apparently  it  runs  southward  with  the  dip  of  the  forma- 
tion, and  by  boring  it  is  found  under  a  large  thickness  of  black 
slate  abouta  mile  south  of  the  line  of  strike. 

9.  The  horizon  of  the  ore  is  the  same  that  has  been  assigned 
by  the  writer  to  the  date  of  the  disturbance  of  the  gabbro  flood. 
But  as  that  assignment  is  not  sufficiently  established  it  cannot 
be  said  that  the  ore  has  any  relation  of  cause  and  effect  to  the 
gabbro. 
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Condusioti. 

There  are  but  two  items  in  the  conclasioQ  to  which  we  are 
driven: 

IHrst.  The  Mesabi  ore  is  not  satisfactorily  explained  by  any 
theory  that  has  yet  been  proposed  for  it,  or  for  its  equivalent 
(Gogebic)  ore  on  the  south  side  of  the  great  lake.  There 
are  some  facts  that  favor  all  of  the  theories  that  have  been 
proposed,  out  they  meet  with  opposing  facts  of  greater  import. 

Second.  Thiare  is  bnt  one  known  cause  acting  with  sufficient 
force  and  on  a  geographic  area  sufficiently  wide,  to  which  we 
can  appeal  for  the  geographic  and  atratigraphic  distribution  of 
this  ore — and  that  is  oceanic  sedimentation.  That  there  has 
been  a  profound  change  in  the  sediments  since  their  origina- 
tion is  quite  evident;  but  whether  this  change  took  place,  in 
whole  or  in  part,  prior  to  consolidation  or  after  it,  is  as  yet  un- 
known; and  if  after  consolidation  it  is  equally  unknown  whether 
it  was  accomplished  in  Taconic  or  in  Recent  time.  There 
seems  to  have  been  something  peculiar  either  in  the  nature  of 
the  sediments  of  this  horizon  or  in  the  influences  to  which  they 
have  been  subjected,  and  this  peculiarity  is  expressed  on  both 
sides  of  the  Lake  Superior  basin. 

(Other  field  notes  made  in  the  season  of  1892,  pertaining  to 
the  region  of  Snowbank  lake  and  thence  northeastward  to 
Knife  lake,  will  be  reserved  for  the  final  report,  likewise  those 
of  a  re- examination  of  points  on  Gabimichigama,  Flying  Cloud 
and  Kekequabic  lakes,  and  of  a  visit  to  the  Twin  peaks.) 

REMAHKS  ON  THE   SO-CALLED  MUSCOVADYTE  OR  MUSCOVADO 
ROCK. 

In  several  of  the  annual  reports  of  the  Survey  an  undefined 
term  has  been  used  to  designate  a  rock  of  certain  macroscopic 
characters  that  prevails  along  the  northern  limit  of  the  gabbro. 
The  term  has  been  used  because  of  its  convenience  in  the  field 
and  because  of  its  expressing  at  the  same  time  the  general  out- 
ward character  of  the  rocks  to  which  it  was  applied.  There 
4s  no  doubt,  however,  that  in  many  cases  these  rocks  have 
been  collected  without  receiving  this  designation.  It  is  thought 
best  to  make  some  examination  of  some  of  these  rocks  to  de- 
termine their  petrographic  characters  and,  if  possible,  their 
structural  relations.  In  all  cases  the  field  relations  have  to 
take  precedence  in  discussing  their  origin  and  systematic  rela- 
tions. By  means  of  microscopic  and  chemical  examination, 
however,  some  intimate  mineral  associations  are  determined,         , 
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which  throw  light  upon  their  probable  origin.  Several  of  these 
that  have  been  designated  muscovado  have  been  sliced  and 
mounted  by  Mr.  Ogaard  and  examined  microscopically  by  Dr. 
Grant,  and  some  chemical  analyses  have  been  made  by  Mr. 
Meeds. 

The  term  muscovado  seems  to  have  been  used  first  in  the 
-fifteenth  annual  report,  page  351,  and  applied  to  rocks  collected 
in  sees.  15  and  16,  63-9^.,  on  the  northeastern  waters  of  the 
Kawishiwi.  .  It  is  here  part  of  a  biotltic,  more  or  less  gneissic 
rock  with  more  or  less  quartz,  which  by  later  study  has  bees 
separated  from  the  gabbro,  although  at  the  time  the  rocks  were 
collected  they  were  supposed  to  be  a  phase  of  the  gabbro. 

Dr.  Grtmt  has  made  the  following  microscopical  notes  on 
No.  983. 

Description  of  No.  98S.    Kawishiwi  Biver. 

Macroscopical; — A  grayish  rock  of  rather  fine  grtun.  The 
band  specimen  is  homogeneous  throughout  and  shows  no 
gneissic  or  other  parallel  structures.  It  is  compact  and  not 
crumbling.  Numerous  glistening  scales  of  biotite  are  easily 
seen,  and  under  the  lens  the  rook  appears  granular,  but  the 
constituent  minerals  cannot  be  made  out,  although  one  would 
judge  that  quartz  formed  a  large  part  of  the  rock.  Bock 
appears  fresh.  Does  not  effervesce  with  cold  hydrochloric 
acid. 

Microscopical: — The  section  shows  a  closely  compact,  fine 
grained,  granular  mixture  of  quarts,  feldipar,  biotite,  iron  ore, 
and  a  mineral  referred  to  pyroxene.  The  grain  is  so  fine  that 
under  crossed  nicols  the  different  grains  are  not  all  distinctly 
separated,  nor  do  some  of  them,  extinguish  completely;  this, 
however,  is  due  to  the  overlapping  of  the  grains;  there  is  no 
-"amorphous"  or  "chalcedonic"  silica  present  (compare  section 
of  jaspilyte  in  BuL  6,  pi.  8,  fig.  1).  The  rock  is  thus  com- 
pletely crystalline,  and  is  quite  fresh. 

The  biotite  is  the  most  noticeable  mineral;  it  occurs  in  large 
flakes  which  often  hold  many  pieces  of  quartz,  some  magnetite, 
and  occasionally  pyroxene. 

The  pyroxene  is  in  small  rounded  grains  aud  elongated 
ones  which,  however,  never  show  any  crystal  faces.  It 
has  quite  a  high  index  of  refraction.  It  conteins  en- 
closures of  magnetite  and  numerous  transparent  areas  which 
seem  to  be  liquid  cavaties.  A  slight  cleavage  is  often 
developed  parallel  to  the  long  axes  of  the  grains.    The  eztinc- 
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tioQ  is  almost  always  parallel  to  this  cleavage  and  the  miaeral 
often  is  slightly  pleochroic;  from  these  two  facts  it  Is  referred 
to  the  group  of  orthorhomblc  pyroxenes — probably  it  is  ensta- 
tite  or  bronzite.  On  account  of  the  smallness  of  the  grain  and 
tte  difiSculty  of  obtaining  a  good  interference  figare  with  the 
iostmiueut  In  use,  the  optical  properties  were  not  further 
studied.  This  mineral  is  greenish  in  color.  Id  the  pleochroic 
indiridnals  the  ray  vibrating  parallel  to  the  cleavage  is  colorless 
or  f^reenish  and  the  other  of  a  very  light  pinkish  or  reddish 
shade.  This  corresponds  to  the  pleochroism  of  orthorhombic 
pyroxenes.  The  iron  ore  is  undoubtedly  magnetite;  it  is  in  small 
grains  with  more  or  less  distinct  faces,  but  with  the  angles 
rounded. 

The  pyroxene  and  iron  ore  are  probably  older  than  the  mass 
of  the  rock  which  is  composed  of  quartz  and  feldspar,  and  the 
biotite  encloses  all. 

The/e{(t8par  is  abundant;  it  frequently  shows  polysynthetic 
twinning,  and  is  thus  plagioclEise;  bat  the  kind  of  plagioclase 
is  uncertain.  There  is  also  considerable  feldspar  which  is  not 
twinned  and  which  may  be  orthoclase,  or  untwinned  plagioclase. 
The  Qwzrte  is  in  fine  grains,  even  finer  than  most  of  the  feld- 
spar. There  are  many  grains,  which  show  no  cleavage,  or 
twinning,  whose  nature  it  is  not  easy  to  determine.  Many  of 
sach  grains,  supposed  to  be  quartz,  give  a  biaxial  interference 
figure;  and  others  give  no  distinct  figure.  I  examined  about  20 
sections  which  I  thought  might  be  hasal  sections  of  quartz; 
only  one  out  of  these  20  gave  a  distinct  uniaxial  interference 
figure;  this  was  tested  and  found  to  be  -|~-  Four  or  five  gave 
biaxial  figures;  and  the  others  gave  no  definite  figures.  The 
feldspar  is  unaltered,  and  so  is  hard  to  distinguish  from  quartz, 
when  twinning,  cleavage  or  interference  'figures  are  not  to  be 
seen.  It  is  my  opinion  that  there  is  much  less  quartz  in  the 
rock  than  I  had  supposed.  Thus,  so  far,  I  am  sure  of  but  one 
grain;  there  are,  however,  undoubtedly  more,  but  I  should  guess 
that  quartz  makes  up  less  than  1-10  of  the  rock,  and  I  feel  cer- 
tain that  it  does  not  make  up  1-5  of  the  rock. 

The  magnetite  of  Nob.  962  and  983  was  tested  for  titanium, 
but  none  was  found. 

The  rock  now  shows  nothing  thatcan  be  taken  as  proof  of  an 
original  clastic  nature.  It  is  lithologically  a  fine  grained 
quartz  btotite  noryte.  It  may  be  a  recrystallized  sediment  or 
an  original  eruptive. 
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These  rocks  have  been  identified  under  this  name  at  several 
places,  viz.,  on  Disappointment  lake  b;  H.  V.  Winchell*,  vho 
considered  this  muscovado  to  be  a  changed  mica  schist,  and  his 
general  description  makes  it  evident  that  at  that  place  the 
muscovado  has  do  connection  with  the  gabbro.  It  was  also 
observed  on  Illusion  lake  by  A.  Winchelif  and  by,N.  H.  Vfin- 
chellj. 

No.  1039.     Island  in  Illusion  lake. 

'A  light  gray  rock  of  fine  grain  holding  numerous  and  distinct 
flakes  of  biotite.  The  section  is  made  of  fine  grained  granular 
quartz  with  some  orthoclase.  In  this  are  scattered  numerous 
biotite  scales. 

At  this  place  the  rock  was  likewise  considered  to  be  a 
part  of  the  gabbro,  but  it  is  evident  that  it  is  a  part  of 
the  older  (Archean)  rocks  that  have  been  affected  by 
the  gabbro  contact,  at  least  the  rocks  of  the  islands  of  the  lake:, 
the  south  shore  may  contain  atnie  gabbro  or  eruptive  muscova- 
do. It  is  again  known  on  the  river  flowing  northward  into 
Kekequabic lake,  S.W.J  N.E.i  sec.  11.  64-7  W.,  where  it  is  re- 
ported to  contain  grains  of  reddish  feldspar  and  some  quartz, 
and  is  probably  a  part  of  the  older  rocks.  It  is  reported  abundant 
about  the  eastern  and  northeastern  shores  of  Gabimichigama 
lake.  Dr.  A.  Winchell  described  and  illustrated  an  observa- 
tion on  an  island  in  this  lake,  where  he  found  coarse  crystal- 
line gabbro  lying  upon  and  embracing  angular  fragments  of 
muscovado,  the  interstices  being  filled  with  gabbro.  His 
figure  (56)   is  here    reproduced.      Further    examination   of 
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this  lake  has  revealed  the  fact  that  the  rock  here  called 
muscovado  is  a  part  of  the  Archeaa  afiected  by  contact 
with  the  gabbro.  Numerous  specimenfi  have  been  collected 
at  points  further  northeast,  where  this  underlying  rock  is 
exposed  in  many  islands  and  low'  shores,  and  where  its  frag- 
mental  and  stratified  characters  are  more  evident.  Rock  1086 
was  collected  on  the  little  island  at  the  entrance  to  the  bay 
which  forms  the  northeasterly  end  of  Gabimichigama  lake.  It 
is  found  in  other  islands  farther  north  and  along  the  shores. 
On  the  east  side  of  the  bay  it  was  found  to  be  overlain  by 
characteristic  coarse  gabbro.  Of  this  rock  Dr.  Grant  has  made 
an  examination  as  follows: 

Description  of  No.  1088  (15th  Ann.  Rept.,  p.  379). 

MacroBcopical: — This  rock  apparemtly  would  be  included 
nnder  "muscovado."  It  is  a  fine  grained,  seemingly  granular, 
rock  of  a  grayish  or  brownish-gray  color.  It  cont^ns  a  few 
small  white  spots  which  look  like  feldspar;  shows  no  parallel 
structures  in  hand  specimen.  Appears  pretty  fresh.  Does  not 
effervesce  in  cold  HCl.  It  is  too  fine  grained  for  study  with  the 
lens. 

Microscopical: — A  fine  grained  aggregate  of  C[uartz  and  bio- 
tite.  The  latter  seems  to  make  up  about  i  of  the  rock;  biotite 
is  in  small  scales  arranged  in  no  order.  The  quartz  is  in  small 
sub-angular,  angular  and  irregularly  outlined  grains  imbedded 
in  a  very  fine  grained  matrix  which  is  also  apparently  quartz. 
I  recognized  no  other  minerals.  The  rock  is  undoubtedly  part 
of  the  elastics  of  the  region. 

DdBcription  of  No.  1089  (15th  Ann.  Rept.,  p.  S79). 

Said  to  be  "the  same  as  No-  1088,  but  shows  an  intenser 
action  of  the  gabbro;'*  from  the  north  side  of  Muscovado  point. 

Macroecopical: — A  fine  grained  gray  rock,  much  like  No,  1088 
but  not  showing  the  brownish  color. 

Mi^^oecopicat: — Rocks  composed  of  biotite,  quartz  and  amphi- 
bole(?).  Quartz  and  biotite  about  as  in  No.  1088;  some  of  the 
biotite  has  faded  and  become  almost  colorless.  A  few  small 
grains  of  magnetite  are  present.  All  through  the  rock  is 
an  indistinct  light  greenish  to  light  yellowish  mineral,  some- 
time massed  together  in  aggregates  of  fine  grains  and  fibers 
and  sometimes  in  minute  particles  all  through  the  rock.  In  a 
few  veins  are  e^so  accumulations  of  this  minertd.    While  not 
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very  clearly  defined,  still  this  mineral  seems  to  be  ui  &mphi- 
bole,  perhaps  actinolit*. 

This  rock  also  is  undoubtedly  part  of  the  elastics. 

Rocks  from  the  south  side  of  Muscovado  point  were  also  ei- 
amined,  viz.,  1090,  1091  and  1092,  and  1850  from  the  north  side. 

Nos.  1090  and  1091  {15th  Ann.  Kept.,  pp.  879-380). 

1091  and  one  slide  of  1090  are  essentially  similar  to  No.  1088, 
with  only  slight  difierencea 

Another  slide  of  1090  is  somewhat  coarser  grained  and  has  a 
confused  altered  appearance.  It  is  composed  of  feldspar,  both 
polysyDthetically  twinned  and  not,  quartz,  biotite,- magnetite, 
hornblende  and  what  I  take  to  be  an  almost  colorless  pyroxene. 
The  last  appears  in  places  io  be  altering  to  hornblenda  Some 
of  the  feldspar  has  become  cloudy.  No  evidence  of  a  clastic 
structure  remains  in  the  rock. 

No.  1092  (15th  Ann.  Rept.,  p.  380). 
This  is  essentially  the  same  as  the  last  described  slide  of  No. 
1090,  except  that  considerably  more  hornblende  is  present  and 
the  pyroxene  is  in  larger  and  better  defined  pieces. 

No.  1350  {19th  Ann.  Kept.,  p.  89). 

Is  finer  grained  than  the  last,  bat  is  very  similar  to  it  in  com- 
position. 

These  muscovado  samples  about  Gabimichigama  lake  are 
from  the  general  formation,  which  can  be  traced  continuously 
in  one  direction  into  the  great  Ogishke  conglomerate,  i.  e., 
toward  the  northwest,  and  eastwardly  into  the  so-called  green- 
stone at  Flying  Cloud  lake  and  Akeley  lake,  and  therefore  have 
no  connection  with  the  gabbro  proper. 

On  an  excursion,  which  was  made  from  Gabimichigama  lake 
eastward  to  Flying  Cloud  lake,  this  relationship  to  the  green- 
stone was  plainly  brought  out.  Samples  also  were  collected, 
viz.,  1780  and  1781,  the  former  from  the  N.E.  i  N.E.  i  sec.  34. 
65-5  W.,  and  the  latter  from  a  point  a  little  farther  east,  both 
on  the  north  side  of  the  creek,  which  here,  for  some  distance, 
marks  the  boundary  line  between  the  greenstone  and  the  Pewa- 
bic  quartzyte.  The  quartzyte  is  seen  to  dip,  at  an  angle  of  abont 
45  ° ,  southwardly,  rising  in  a  continuous  strike  about  40  or  50  feet 
above  the  creek  on  its  south  side;  while  on  the  north  side  the 
greenstone  occurs  in  scattered  low  knobs,  but  rising  within  a 
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short  distance  to  a  hight  of  perhaps  200  feet  above  the  creek, 
having  its  characteristic  topography.  These  features  extend 
eastward  to  Chub  (Akeley)  lake  and  further,  where  they  have 
been  also  described.* 

^o.  1760.  This  is  a  part  of  the  underlying  greenstone  form 
ation. 

The  section  shows  a  confused,  more  or  less  granular  aggre- 
gate of  plagioclase,  hornblende,  blotite,  pyroxene  (diallage?) 
and  magnetite.  The  pyroxene  seems  to  be  altering  to  horn- 
blende, in  fact  all  of  the  hornblende,  which  is  in  large  amount, 
.may  perhaps  come  from  this  source. 

No.  1761.  Along  stream  east. of  last;  also  underlving  the 
quartzyte,  in  fact  immediately  below  the  guartzyte.  The  sec- 
tion shows  a  rock  quite  similar  to  No.  1780,  but  containing 
more  biotite  and  some  hornblende  which  is  probably  secondary. 
A  granulitic  gabbro  lithologically. 

It  will  be  noticed  that  the  characters  of  the  rocks  1780  and 
1781  show  a  much  more  basic  nature  (also  indicated  in  the  field) 
than  those  that  are  above  described  from  Gabimichigama  lake 
It  will  also  be  noticed  that  the  strike  of  this  ol^er  formation  at 
Gabimichigama  lake,  as  well  as  at  Illusion  lake  and  on  the 
northeastern  waters  of  the  Eawishiwi,  is  abuut  north  and  south; 
this  being  an  irregularity  in  the  usual  northeastward  trend  of 
the  Archean  in  northeastern  Minnesota.  Thus  it  appears  that, 
in  passing  eastward  from  Gabimichigama  lake,  we  first  pass 
across  the  strike  and  soon  enter  upon  a  greenstone  which 
resembles  that  of  the  Twin  peaks.  It  is  not  necessary  at  this 
place  to  consider  the  question  whether  this  greenstone  and  the 
so-called  dtabasic  and  gneissic  rock,  seen  below  the  gabbro,  are 
of  the  same  formation;  it  is  sufficient  to  say  that  all  the  evi- 
dence that  the  Survey  has  at  hand  tends  toward  that  conclu- 
sion. 

All  of  the  foregoing  examples  of  so  called  muscovado  are 
from  the  underlying  Archean  rocks,  and,  therefore,  do  not 
illustrate  the  original  idea  of  muscovado,  that  it  -was  a  form  of 
the  gabbro;  while  at  the  same  time  when  the  specimens  were 
collected,  they  were  supposed  in  some  cases  to  be  from  the 
gabbro  itself  modified  by  contact  with  the  sedimentaries.  We 
have  now  to  mention  other  forms  of  so-called  muscovado,  which 
lie  in  a  belt  of  country  further  south,  even  south  of  large  areas 
of  characteristic  coarse  gabbro. 

■ISth  Ann.  Bept.,  pp.  8!-«. 
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There  is  a  lake  in  sec.  36,  65-5  W.,  named  Muscovado  lake 
from  the  prevalence  of  this  rock,  and  about  its  western  shores 
and  extending  southwestwardly  into  sec  8,  64-  5  W.  is  an  ex- 
tensive hill  range  composed  of  muscovado  rock.  This  hill 
range  lies  to  the  south  of  an  area  of  fresh  crystalline  gabb^, 
which  again  also  lies  to  the  south  of  the  strike  of  the  Pewabic 
qaartzyte,  above  mentioned.  The  quartzyte  and  gabbro  dis- 
tinctly dip  to  the  south,  and,  if  there  be  no  fault  in  the  region, 
this  muscovado  must  lie  above  a  large  amount  of  gabbro.  It 
has  been  sampled  and  sliced,  and  the  following  ezamimhtaon 
was  made  by  Dr.  Grant: 

No.  1784-     Muscovado,  north  end  of  Mvscovado  lake. 

A  fine  grained  tioryte.  This  specimen  (macroscopically)  ap- 
pears to  me  to  be  "typical  mun&yoado." 

The  section  is  especially  beautiful.'  A  granular  aggregate 
of  plagioclase,  hypersthene,  which  is  beautifully  pleochroic, 
and  titanic  magnetite.  This  rock,  except  in  the  large  amount 
of  hypersthene,  is  the  same  as  those  from  Bashitanaqueb 
lake,  which  see. 

Mr.  Meeds  "found  a  very  strong  test  for  titanium"  in  this. 
He  powdei-ed  the  rock  and  by  the  magnet  got  considerable  of 
the  magnetite,  which  he  tested  with  the  above  result. 

Other  samples  have  been  collected  from  the  shores  of  Basbi- 
tanaqueb  lake,  the  north  side  of  which  lies  largely  in  this  rock. 
These  have  also  been  examined  and  found  to  have  the  follow- 
ing microscopic  characters: 

Specimens  fi-om  Bashita/nagueb  lake.    . 

On  the  north  shore  of  this  lake  are  fine  exposures  of  this 
rock.  A  number  of  specimens  have  been  collected  here.  Here 
are  probably  the  best  exposures  of  this  rock  south  of  the  north 
limit  of  the  gabbro. 

The  specimens  taken  here  and  sectioned  are  1785,  857G-,  857 
AG  and  857BG. 

These  rocks  are  rather  fine  grained  granular  aggregates  of 
plagioclase,  pyroxene  (mostly  diallage),  magnetite,  and  some- 
times a  little  olivine  and  biotite.  They  are  gc^roa  petro- 
graphically.  Some  pleochroic  pyroxene  (hypersthene)  is 
sometimes  present,  and  pinkish  diallage  is  frequent. 

No  quartz  was  detected.  Secondary  hornblende  is  some- 
times seen. 
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Analysis  of  No.    8570.     Mr.    Meeds  reported  the   following 
chemical  composition  of  one  of  the  ahove  samples,  8576- 
SiO, ;..-•„. 49.07 

A1,0, n.2i 

Fe,0, 46 

FeO 12.18 

OaO., &.66 

MgO 160 

H.0 1.56 

Na.0 2.96 

K.O traoe 

CO, no 

MdO trac« 

Total B9.89 

The  OOj  above  is  probably  due  to  decomposition  products,  as 
the  rock  is  not  entirely  fresh. 

In  addition  to  the  differences  here  indicated  by  chemcial 
analysis  and  by  the  microscope  between  this  southern  musco- 
vado and  that  before  described,  belonging  to  the,  Archean, 
there  are  also  structural  differences  which  are  very  noticeable 
in  the  field,  viz. ;  this  southern  muscovado  never  shows  the 
knotted  and  seamed  condition  and  the  quartzose  veinings  and 
the  gneissic  structure  and  vertical  attitudes  seen  in  the  north- 
em  muscovado.  Taken  altogether  it  is  a  much  more  homo- 
geneous and  massive  rock,  its  only  variation  consisting  in  a 
bedding  or  sheeted  lamination,  dipping  toward  the  south,  con- 
formable with  the  general  gabbro  structure,  such  sheets  some- 
times being  not  more  than  an  inch  thick.  The  most  remark- 
able exhibition  of  this  sheeting,  which  has  been  seen,  is  at 
the  east  end  of  Muscovado  lake  on  the  north  shore. 

Similar  mascovado  has  been  collected  by  Mr,  H.  V.  Winohell 
near  the  west  quarter  post  of  sec-  14,  63-9  W.;*  and  of  this 
rock  Dr.  Grant  has  given  the  following  microscopical  descrip- 
tion. 

No.  505H.  MaoroBcopical: — A  rather  fine  grained  rock  of  a 
gray  to  brownish  gray  color.  Not  gneissic.  Composed  of 
grains  of  a  glassy  mineral  and  smaller  ones  which  are  yellow- 
ish to  black  in  color. 

Microscopical: — A  granular  aggregate  of  feldspar,  pyroxene, 
olivine,  magnetite  and  a  little  biotite.  The  feldspar  is  largely, 
perhaps  entirely,  plagioclase.  Some  grains  do  not  show  twin- 
ning striEB,  and  in  some  the  cleavage  is  not  well  marked.  Such 
grains  might  be  quartz;  however,  a  dozen  such  grains  which,  if 
quartz,  would  be  approximately  basal  sections,  were  examined 
for  interference  figures  and  every  one  showed  a  distinct  biaxial 
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figare.  I  think  there  is  no  quartz  in  the  section.  The  pyrox- 
ene is  distinctly  pleochroic,  and  is  probably  hypersthene.  The 
minerals  of  thiS'  rock ,  except  the  oliTine,  are  unaltered  and 
fresh. 

The  rock  is  lithologically  an  olivine  noryte  of  rather  fine  grwn. 
There  seems'no  reason  for  considering  this  rock  a  metamor- 
phosed sediment;  it  shows  all  the  characters  of  an  eruptive  of 
the  gabbro  family. 

The  south  east  shore  of  Illusion  lake  also  contains  this  form 
of  muscovadyte,  shown  by 

No.  1037.   niuaion  lake. 

This  is  a  fine  grained  brownish  gray  rook.  In  section  it  is 
seen  to  be  composed  of  a  fine  granular  aggregate  of  feldspar 
(largely,  if  not  entirely,  plagtoclase),  pyroxene  and  magnetite. 
The  pyroxene  is  in  large  amount  and  is  both  diallage  and 
hypersthene.  This  rock  seems  to  belong  to  the  gabbro  phase 
of  the  muscovado. 

OonclusUm. 

It  woold  appear  from  the  foregoing  that  the  term  muscovado 
rock  (or  muscovadyte)  has  been  applied  in  the  field  to  rocks  of 
different  stratigraphic  position  and  origin.  This  has  already 
been  asserted  by  Mr.  H.  Y.  Winchell  in  the  seventeenth  annual 
report,  pages  130-131.  It  is  also  apparent  that  one  of  these  is 
produced  by  the  action  of  the  gabbro  upon  the  sedimentaries. 
It  appears  also  probable  that  the  southern  belt  of  muscovado 
is  a  phase  of  the  gabbro  proper  and  that,  if  to  either  the  name 
should  be  continued,  it  should  be  applied  to  this  southern  belt 

There  remains,  however,  this  possibility,  if  not  probability, 
that  this  southern  muscovado  represents  the  profound  action 
of  the  true  gabbro  upon  a  basic  Archean  greenstone,  which  has 
been  brought  to  the  surface  in  the  midst  of  the  gabbro  area  by 
a  later  fault.  We  have  learned  from  numerous  observations 
that  all  the  rocks  in  this  region  have  in  some  places  been  ex 
tensively  faulted.  It  will  be  well,  therefore,  still,  before 
adopting  this  duplicate  theory  of  the  origin  of  the  so-called 
muscovado,  to  examine  further  critical  specimens  collected  at 
points  where  it  can  be  shown  that  the  true  gabbro  was  super- 
posed upon  a  basic  greenstone  of  Archean  age. 
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VI. 

ADDITIONAL  ROCK  SAMPLES  COLLECTED  IN  1892. 

TO  ILLDSTBATE  THE  REPORT  OF  K.  H.  WINCHELL. 

1627.  Hard  hematite,  tba  ore  of  tbe  Hesabl  Iron  C!o.'^  land,  sec  27,  T. 
40-13,  one  mile  south  of  the  graalte. 

1628.  No.  2  of  the  drill  at  Wicks',  black  and  gra^  floe  baoded  rock, 
with  miignetite. 

1629.  No.  3  of  the  drill  at  Wicks',  "black  slates." 

1830,    No.  4  of  the  drill  at  Wicks',  gray  qnartKyte,  sometimes  porous, 
also  sometimes  non-homogeaeoos  with  angular  aad  rouuded  masses. 
1630  A.    Siliceous  balls  or  coucrettoDS  from  1630. 
1631.    No.  5  Of  the  drill,  ore. 
163e.    No.  6  of  the  drill,  flae-graloed  pinkish  qaartzyte. 

1533.  No.  T  of  the  drill,  crrstalllne  quartzyte;  >lt  contaius  fiagmental 
quartz  cemented  in  a  matrlz  of  quartz. 

1534.  No.  8  of  the  drill,  "greenstone"  materials  embracing  manj 
pebbles  and  grains  of  quartz. 

1635.  The  lower  portion  of  tbe  last. 

1636.  No.  10  of  tbe  drill,  granite. 

1037.  Sample  of  rock  like  1634,  but  taken  from  the  NE.  i  SW.  i  sec.  2E, 
T.  60-13;  mainly  fragmental  material  In  wblcb  are  conaplcuous  fragments 
of  lavender  quartz,  supposed  to  be  from  tbe  granite. 

1638.  An  extreme  pbase  of  1637,  mostly  quartz;  SE.  i  NW.  i  sec.  28,  T. 
40-13. 

IS39.  Greenish  rock,  supposed  to  be  tbe  fragmental  substance  more 
scantily  disseminated  through  1S3S.    Same  locality  as  1S38. 

1640.  PlDkisb  fine  quartzyte.    NW.  i  NE.  i  see.  32,  T.  60-13. 

1641.  Uagnetite  from  N  W.  i  NE.  i  sec,  32,  T.  60-13;  natural  loadstone, 
only  found  In  small  quantity;  blends  oS  Into  the  rock  of  the  Iron  belt 
<I631  of  the  drill  recoid). 

1642.  Bepresents  tbe  average  characters  of  the  rock  at  the  silver  pit 
opened  by  Cheater;  It  Is  Eeewatln  but  quite  (finely)  siliceous;  quartz' 
veins  are  numerous;  compare  442,  also  Bulletin  No.  6,  page  203  and  foot- 
note. 

1643.  Bepubllc  Mountain,  Uich.  Quartzyte  or  grelssen,  supposed  by 
Wadswortb  to  be  of  eruptive  origin. 

1641.  Greenstone  from  tbe  north  side  of  the  Bepubllchlll, approaching 
boroblende  scblst. 

1646.  Hematite  from  the  non -conformable  conglomerate  or  upper  Iron 
horizon  at  the  Goodrich  mine,  Mich. 

1646.    Potsdam  quartzyte,  Clarkson's  quarry,  Potsdam,  N.  Y. 
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1647.  Light  pink  gneiss  from  the  dam  In  the  Racket  river  at  Potsdam. 

1648.  Darlier  gneiss  from  the  same  place. 

1649.  Still  darker  gneiss,  same  place.  These  have  the  appearance  of 
possible  derivation  from  the  Fotadam  quartzyte. 

1850.    White  marble,  Crary'a  mill,  1  miles  westward  from  Potsdam. 

1661.  Gray  conglomerate  marble,  Crary's  mill. 

1662.  Specular  hematite  from  Capt.  Wood's  mine,  &  miles  soutii  from 
Crary's  mill. 

IC&B.    Hematite  ore  from  a  shaft  4  mllea  £.  S.  E.  of  Potsdam. 

1654.    Conglomerate  in  which  this  ore  occurs. 

1665.    Dark  ilmestooe  samples,  Norwood,  N.  T. 

1656.    Sandstone  from  Paddock's  quarry,  3i  miles  east  of  Ualone,  S.  T. 

1667.  Qabbro  from  the  Adlrondacks,  as  worked  for  monumeate  st 
Eeesevllle,  N.  Y.\  location  unknown. 

1668.  Fine  granular  gabbPo,  ^ame  place. 

1669.  White  quartzyte,  Keeseville,  K.  Y.;  near  the  water;  dip  8°  to  10° 
N.  N.E. 

1660.  Emery,  so-called;  seen  on  the  beaches  of  lake  Champialn  and  at 
Keeseville  on  the  shores  of  the  Au  Sable  river;  quite  abundant,  ll  i^ 
gathered  and  shipped  in  barrels  as  emery  for  emery  paper. 

1661.  The  hard  quartzyte  forming  the  platform,  right  bank  of  tbe 
river,  Au  Sable  canyon,  below  the  stairway. 

1662.  Marble,  grayish  to  white,  Gouverneur,  N.  Y. 

1663.  Handed  quartz  rock,  near  Blchland,  N.  Y. 

1664.  Ferruginous  sandstone,  31  miles  N.  of  Richland,  N.  Y. 

1665.  Yellow  sandstone,  same  place. 

1666.  Marble,  same  place. 

1667.  Breccia,  same  place. 

1667  A.    Impure  quartzyte,  same  place. 

1668.  Hematite,  same  place. 

1669.  Gneiss,  DeKalb,N.  Y. 

1670.  One  of  the  smaller  segregations  of  quartz  dioryte  from  theslsies 
at  Little  Falls,  Morrison  Co.,  Minn. 

1671.  Fragment  of  the  hornblendic  layer  which  encloses  the  segrega- 
tion, showing  a  portion  also  of  th?  floe  softer  Interior;  this  InMrior  po^ 
tlon  weathers  out  entirely  when  they  are  broken. 

1672.  Another  segreKatloo,  hard  to  the  center;  also  showlDg  garnets  In 
the  slate  attached;  Little  Falls. 

1673.  Garnetlferous  slate.  Little  Falls. 

1674.  Bed,  fine-grained  granite,  sec.  18,  T.  41-30,  Morrison  Co. 

1675.  Darker,  highly  micaceous,  from  the  same  place. 

1676.  The  same,  showing  contact  with  coarser  granite. 

1677.  Keewatin  greenstone,  from  Bandalt.  Morrison  Co. 

1678.  Dioryte,  quarried  at  Little  Falls  on  the  west  side  of  the  rlvei. 

1679.  The  same,  with  coarser  hornblende  crystals. 

1680.  Still  coarser,  more  gabbrolnid  in  general  appearance. 

1681.  Fine  limestone,  has  a  pinkish  color,  dense  in  grain;  inoalcropon 
west  bank  of  the  Mississippi  Just  below  the  mouth  of  Swan  river. 

1662.  Massive  mica  schist,  west  side  of  the  Mlssisstppi  river  nev  ^^^ 
center  of  SE.  i.NW.  *,  sec.  30, 128-29,  Morrison  Co. 

16S3.  Hardened  segregation  from  1682,  similar  to  those  seen  at  Littie 
Falls. 
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1684.  Gabbro,  Fbllbrook,  Dear  the  month  of  the  Fish  Trap  creek, 
northweBtern  corner  of  HorrlsoD  Co, 

1685.  A  darker,  more  maKoetitFed  condition  ol  1684. 

1685  A.  Subsequently  obtained  at  tbe  aame  place  and  sent  by  Mr. 
Robert  Brown. 

1686.  White  forms  of  this  gabbro  (labradorltlo?),  somewhat  quarried. 

1687.  A  sheared  sohistose  condition  ot  this  gabbro  having  a  vertical 
structure;  Philbrook. 

ISS8.  Three  samples  of  tacocyte  showing  various  conditions  of  change 
toward  hematite,  Hale  mine,  near  Merritt. 

1689.  Conglomerate  from  the  Cincinnati  property,  but  not  showing 
any  ot  the  flint  pebbles.  * 

1690.  Disintegrated  quartzyte  from  the  ttottom  ot  shaft  So.  2  at  the 
ClDClnnatl  mine. 

1691.  Form  showing  the  penetration  of  iron  into  this  quartzyte,  hard- 
ened and  reddened,  Cincinnati  mine. 

1692.  Taconyte  from  a  shaft  on  the  Cincinnati  mine. 

1693.  Ditto,  from  the  Diilutb  Ore  Co.  tBerrlnger). 

1694.  Manganese  from  shaft  23,  Blwablk  mine,  91  feet  down. 
I6Q5.    Hard  blue  ore  with  some  soft  ore.  shaf b  25,  Blwablk  mine. 

16g6L  Pinkish  fine  quartzyte  from  the  pit  in  SG.  1  NG  i  sec.  4,  SS-16, 
Chicago  property;  resembles  tbe  flue  pinkish  quartzyte  from  Wicks'. 

1697.  Black  slates  from  the  well  sunk  for  water  at  tbe  McKlnley  camp . 

1698.  A  clayey  ball  changed  to  bematitic  rock,  from  the  soutberu  pits 
at  HcElnley's;  probably  from  tbe  black  slate  horizon. 

1699.  Iron  gravel.  Lone  Jack  mine,  near  Virginia. 

1700.  Hlzed  kaolin  and  spongy  ochre  and  hematite,  Uesabi  Uountain 
mine,  near  Vli^lnla. 

ITOl.    Banded  kaolin,  same  place. 

1702.  Flinty,  fine  grained  rock  associated  with  tbe  kaolin,  varying 
from  white  to  pinkish;  apparently  a  cart  of  the  kaolin  stratum;  same 
place. 

1703.  Lump  ot  tacony  te  sbowlng  various  changes  of  some  of  Its  ingre- 
dtentfl  to  hematite  and  goethlte;  Security  mine,  near  Virginia. 

1704.  Kaolin,  Hesabi  Mountain. 
1701  A.    Silica  balls  from  1704. 

1705.  Hard,  conglomeratic,  jaspery  ore,  Virginia  mine.  Over  this  bed 
is  a  stratum,  thickness  unknown,. which  has  received  tbe  local  designa- 
tion "stove-plate  rock,"  because  it  is  in  thin,  heavy,  firm  sheets,  r^ular 
and  sonorous,  sometimes  becoming  a  lean  ore.  This  conglomerate  and 
tbe  '"stove-plate  rock"  apparently  belong  below  the  main  ore  horizon. 

1706.  Hard  hematite,  with  kaolin  In  specks  disseminated  throughout; 
also  with  other  rounded  pebbly  parts. 

1707.  Crucial  specimen  from  the  crucial  pit  on  the  Virginia;  taken 
from  the  point  of  transition  between  tbe  rock  and  ore,  one  specimen 
showing  both.    See  flg.  16. 

1708.  A  dark,  massive  portion  ot  tbe  black  slates,  near  the  Partridge 
river,  a  little  west  of  Allen  Junction;  very  siliclous,  though  not  properly 
a  quartzyte. 

1700.  Magnetite  ore,  non-titanic,  and  associated  with  vitreous  quarU; 
SW.  i  NW.  i  sec.  4,  T.  62-11.  Probably  from  the  Vermilion;  same-as  that 
at  the  rapids  at  north  end  of  White  Iron  lake. 
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ITIO.    Bock  associated  with  ma^aetlc  ore  at  Spell  man's,  north  aide  ol 
Birch  lake,  about  200  feet  from  the  granite;  sec.  23,  T.  S1-I2. 

1111.  Magnetic  ore  taken  from  this  pit. 

1112.  Hornblende  rock  from  the  same  pit;  thought  to  be  the  lootwall. 

1713.  Sample  of  the  hanging  wall  of  the  pit,  granitic  In  aspect,  though 
allied  to  the  gabbro;  siliceous;  from  Mr.  Honnald,  superintendent. 

1714.  So-catled  black  slate,  presented  by  Mr.  Honnald;  in  his  opinion 
this  overlies  all  the  ore  and  the  rock  concerned. 

1715.  Quartzose  gneissic  rock,  or  qnartzyte.    It  Is  from  the  small  island 
in  the  Kawlshlwl  river,  NW,  i  SE.  i  sec.  19,  T.  63-0.    (See  No.  961,  leth 


This  does  not  manifest  any  sedlmeatary  characters  but  Is  variable  la  its 
flnenessof  grain  as  well  as  in  its  manner  of  decay.  This  Istand  is  within 
tlO  feet  of  the  south  shore. 

1717.  Fine  grained  olivine  gabbro,  or  coarsegrained  muscovadyte,  from 
the  south  shore.  These  beds  stand  vertical  in  the  same  manner  asontbe 
Islands. 

1718.  Bed  granite,  near  the  center  of  sec  2,  T.  63-9,  Snowbank  lake. 

1719.  Darker  granite  at  the  point  near  the  center  of  sec.  36,  T.  64-9, 
Snowbank  lake. 

1720.  Greenstone,  sec.  34,  T.  64-9,  west  shore  of  Snowbank  lake. 

1721.  A  little  further  west,  and  hence  near  the  granite,  the  greenstone 
is  granitic. 

1722.  Boot  Island;  this  Island  Is  composed  essentially  of  red  granite. 
This  sample,  however,  represente  the  rock  at  our  camp,  and  also  shows  a 
common  coarse  crystallliatton  of  orthoclase  occurring  to  old  loints  or 
veins.  The  rock  now  disintegrates  by  opening  first  along  these  seams. 
leaving  a  layer  of  coarse  orthoclase  crystals  on  each  part.  This  island  is 
in  the  central  part  of  Snowbank  lake. 

1723.  The  rock  1721  develops  further  east  Into  bold  exposures,  forming 
hills  125  feet  above  the  lake,  becoming  a  characteristic  coarse  conglom- 
erate, hard,  semi-granitized,  generally  green,  but  weathering  with  a  red 
tint.  This  No.  (1723)  is  from  a  dyke  of  very  siliceous  rock,  appearing  verf 
much  like  the  mass  of  the  formation,  cutting  over  the  hill  In  the  NE-  i 
sec.  34,  T.  63-9;  It  Is  not  wholly  crystallUie,  but  has  some  needles,  appar- 
ently of  feldspar;  It  Is  6  In.  to  36  la.  in  width,  and  weathers  light  red;  it 
contains  no  boulder  forms,  winds  about  like  a  dyke  and  Is  porphyritJc 
with  a  feldspar. 

1724.  A  gray,  fine  grained,  crystalline  rock;  shore  -of  Snowbank  lake. 
NW.  i  sec.  35,  T.  64-9.  It  appears  some  like  the  Ogishke  conglomerate. 
but  will  have  to  be  classed  with  the  granite.  There  are  areas  here  that 
show  really  granitic  structure  with  abundant  orthoclase  crystals. 

1725.  The  country  rock,  SW.  i  sec.  26,  T.  64-9,  a  short  distance  east  of 
the  last. 

1726.  Eruptive  granite  or  syenite,  in  irregular  patches,  somewhat  dyke- 
like, appearing  in  1725,  though  these  two  rocks  apparently  grade  Into 
each  other.  Along  this  shore  is  one  of  the  most  striking  Instances  of  tbi; 
conversion  of  a  conglomerate  into  a  crystalline  rock. 

1727.  A  granitic  dykecuts  a  micaceous  condition  of  this  conglomerate; 
contact  runs  about  east  and  west;  SW.  i  sec.  26,  T.  64-9. 

1728.  A  mlcaeons  condition  of  this  conglomerate,  same  place  as  the 
last.    The  dip  here  appears  distinct  on  the  tops  of  the  knobs;  about  75° 


STATE  GEOLOGIST.  157 

E.  SE.,  and  the  Btrtke  Is  15°  E.  of  N.,  The  dip  la  such  as  to  throw  It 
under  the  Kranite. 

1729.  Porphyry,  on  the  north  sfde  of  the  same  point,  In  a  narrow,  west- 
ward running  bay;  this  must  underlie  1T2S.  Tbls  bay  Is  not  shown  on 
the  townnhlp  plat. 

1730.  Porphyry  like  the  last,  but  Irregularly  associated  with  and  blend- 
ing Into 

1731.  A  part  ot  the  conglomerate.  These  are  both  Intimately  asso- 
ciated with  characters  pertaining  to  the  Keewatin  greenstone  rockt  of 
wbicb  they  seem  simply  to  be  advanced  conditions  toward  crystallization. 

1732.  Mica  schist.  The  conglomerate  graduates  Into  this;  It  Is  cut  by 
many  dytces  of  red  granite.    SW.  i  sec.  24,  T.  64-9. 

1733.  Represents  this  conglomeratic  mica  schist  In  sec.  24,  T.  04-9. 

1734.  Seems  to  be  a'portlon  of  1733,  but  is  a  dark  gray,  fine  grained 
rock,  sparingly  Interspersed  with  some  crystalline  red  grains;  sees-  29 
and  30,  T.  64-8. 

1735.  Dark  syenltic  rock,  which  takes  the  place  of  the  granite  in  form- 
ing dykes  in  1734;  this  continues  further  east,  forming  the  coast. 

1736.  Dark  greenstone,  crystalline,  SW.  i  sec.  20,  T.  S4-8,  cut  by 

1737.  Bed  granite. 

1738.  Graywacke-green stone,  outlet  to  Snowbank  lake. 

1739.  Coarse  hornblende  granite,  east  side  ot  sec.  81,  T.  64-8,  Snowbank 
lake,  presenting  the  so-called  "bedded"  structure  of  much  of  that  about 
Basslmenan  lake. 

1740.  Dike  cutting  granite  In  sec.  1,  T.  63-9. 

1741.  Red  granite,  appearing  suddenly  In  gray wacke,  on  the  west  shore 
of  Boot  lake;  NW.  i  Sec  21,  T.  ■64-8.  It  la  transitory;  graywacko  pre- 
vails all  about. 

At  the  great  Knife  Lake  headland,  near  the  portage  to  Dough- 
nut lake,  the  following  specimens  were  collected: 

1742.  Sontbwest  corner  of  the  headland  at  the  water  level. 

1743.  The  same,  having  a  flint  film. 

1744.  Thesame,  having  different  grain. 

1745.  A  layer  1  foot  thick  running  straight  in  the  roek  of  the  hill  for 
at  least  25  feet,  when  It  becomes  hidden  ander  the  water  at  one  end,  and 
under  the  soil  at  the  other. 

1746.  A  conglomeritlc  portion  of  the  rock  of  the  hill,  with  many  pyrite 
cubes.  The  rounded  boulder  forms  that  are  dislodged  and  roll  ont  are 
from  3  to  8  Inches  In  diameter,  all  charged  with  pyrlte,  same  as  the  rock 
Itself.  The  pyrltiferous  character  gradually  fades  out  upward  and  Is  en- 
tirely wanting  at  46  feet  above  the  lake.  This  is  on  the  north  side  of  the 
promontory. 

The  following  specimens  were  collected  In  making  a  trip 
over  the  headland  from  north  to  south: 

1747.  Twenty-five  feet  above  the  lake. 

1748.  Fifty  feet  above  the  lake. 

1749.  From  the  northern  crest  of  the  hill. 

1750.  Top  of  the  headland  near  the  center. 

1751.  From  the  southern  crest  of  the  hill. 
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Anyoae  examiDing  these  would  at  oDce  proDOunce  them  all 
the  same  rock,  ezceptdng  1745  and  1 746.  They  appear  very 
much  like  gabbro,  and  the  general  physical  aspect  of  the  hill 
and  tJtie  jointage  of  the  rock  increase  the  resemblances,  but  they 
are  probably  a  condition  of  the  Ogishke  conglomerate.  The 
headland  may  rise  250  feet  above  the  lake. 

1T62.  Sample  of  a  dike  cutting  grit  and  argillaceous  schist;  SW.  }  NS. 
J  sec  32,  T.  Q5-6.     Dike  runs  approximately  north  and  south. 

176:J.  Qrlt,  riags  like  cast  Iron,  cut  by  the  above  dike;  rather  cosrae, 
but  some  la  coarser  and  some  is  flaer.    Pieces  of  slate  are  embraced  in  it 

1754.  A  frajimental,  gritty  rock,  very  hard  and  gray,  outwardly  refiem- 
bllng  gabbro;  the  matrix  is  flinty,  but  not  flint.  From  &  little  island  Id 
a  lake  in  SW.  i  sec.  33,  T.  S5-6.  The  sample  is  from  a  thin  bed  (6  inches) 
embraced  In  the  rock  of  the  island.  This  wedges  out  as  if  sqUeesed  into 
space  of  that  shape  while  the  whole  was  semi-plastic  Besembles  the 
rock  of  the  Knife  Lake  headland. 

1755.  On  the  same  island  the  rock  1754  becomes  finer,  still  gray,  telslt- 
ic,  with  quartz  grains  disseminated,  exactly  like  the  rock  of  the  pebbles 
of  the  StuDtz  conglomerate.  It  is  however  a  portion  of  the  Ogishke 
conglomerate.    Sample  shows  contact  between  two  aspects. 

In  ascending  the  westerly  of  the  Twin  peaks  wi&  Messrs- 
Grant  and  Ogaard,  the  mountain  was  found  to  be  made  up 
almost  entirely  of  the  so-called  anibiguous  greenstone,  nearly 
all  the  way  showing  conglomeritic  s.tructure,  but  in  many  cases 
becoming  much  like  a  true  irruptive  greenstone.  That  it  is 
wholly  fragmental,  however,  at  least  on  its  northern  slopes,  is 
the  plainest  of  facts.  v 

1756.  On  leaving  the  little  lake  in  sec.  33,  we  first  eame  upon  a  low 
ridge  of  Sne  grained  greenstone,  apparently  of  igneous  oriirin. 

1757.  Going  on  we  pass  Innumerable  places  where  the  rock  contains 
boulders  and  fragments  of  all  8iz«6  and  is  quarbzlterous.  This  speclmeo 
shows  a  prevalent  phase. 

1758.  Shows  the  coarseness  and  evident  Igneous  cbaractera. 

1759.  The  same.  * 

1760.  Fine  grained  coodltioo  ot  tbe  country  rock  on  the  top. 

1761.  CJoaraer  grained  condition  of  the  country  rock  on  the  top.  These 
both  look  much  like  true  diabases,  and  no  boulder  forms  appear  In  tbe 
rock. 

A  dike  of  diabase,  ID  feet  wide,  runs  distinctly  through  this  peak,  15' 
W.  of  N.,  and  has  characteristic  contacts  on  each  side,  the  contact  Mde 
fine  grained  and  the  center  coarser. 

1762.  Central  part  of  this  dike. 

1763.  Near  tbe  edge. 

1764.  Showing  contact  with  the  country  rock,  tbe  black  Is  the  diabase 
and  appears  like  black  slate. 

1765.  Is  a  piece  of  the  finer  hornblende  porpbyrel,  north  side  of  Keke- 
quabic  lake. 
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1766.  SW.  INW.  1  sec.  31.  T.  65-6;  sample  which  seems  to  be  a  par- 
tial porphyry,  partial  conglomerate  and  partial  granite.  O-raDt's  787.  lo 
this  conglomerate  here  are  man7  pebbles,  many  of  red  Jasper. 

1767.  Pebbles  trom  a  porphyry  knob,  SW.  corner  sec  29,  T.  6&-6,  oa. 
Eekequablc  lake. 

1768.  From  the  same  knob  at  the  NE.  extenston,  where  the  rock  ts 
not  porphyrltlc;  fine  grained,  almost  telsitic,  not  evidently  fragmentalv 
graduates  Into  the  porphyrltlc  portlbn. 

1768.  From  the  N.  side  of  the  narrows  of  Zeta  lake;  porphyrltlc  con-- 
Klomerate  or  porphyrel. 

1770.  From  the  south  side  of  the  narrows,  near  the  point.  Samples  from 
this  place  suggested  to  Dr.  A.  WInchell  the  term  t)orphgrel  for  this  por- 
phyrltlc conglomerate. 

1771.  SW.  i  KB.  i  sec.  36,  T.  66-6,  N.  shore  of  Agamok  lake.  Hard- 
ened, semi-crystal  line  graywacke,  from  the  summit  of  a  hill  about  260  ft. 
above  the  lake.    The  dip  la  NW.  40'. 

1772.  NW.iSW.i  sec.  31,  T.  65-5.  Graywacke.  This  holds  pebblea- 
and  one  of  what  appears  like  jasper  under  water.  No  dip  nor  strike  visl- 
blei  doubtfully  belonging  to  the  graywacke  series.  There  is  a  dim  ap- 
pearance of  strike  northeast. 

177^.  One  hundred  yards  north  of  the  last  Is  another  low  sloping  sur- 
face of  similar  rock,  with  still  no  certaln.ty  of  dip  nor  age  of  the  rock. 

1774.  At  tbe  extreme  head  of  the  bay;  similar  rock  to  the  last,  rising 
from  the  water  and  forming  low  ridges.  On  one  of  these  ildges  the  dip  Is- 
plain,  varying foom  vertical  to  70"  eastward;  strike  Is  north  and  south. 
While  this  rock  has  some  arglllltic  features,  such  as  those  of  the  black 
slates  seen  on  Enife  lake,  yet  in  most  cases  it  resembles  a  very  fine  grained 
Tauscuvadyt«. 

1775.  From  tbe  older  formation  near  the  gahbro,  on  the  east  side  of  the 
northeastward  bay. 

1776.  NE.  i  SB.  i  sec.  30,  T.  65-6;  from  bill  rUing  about  150  feet;  sam- 
ple of  tbls  doubtful  muscovadyte. 

1777.  Several  samples  collected  from  Huscovado  point, Gablmichlgama 
lake. 

1778.  Rather  dne  grained  gahbro  or  muscovadyte,  from  the  top  of  the 
cliff  facing  north  at  NKiNE.i,  sec.  34,  T.  65-6,  near  the lunction  of  the 
two  branches  of  the  creek. 

1779.  Sample  of  the  quartzyte  from  tbe  same  place,  on  the  north  slope 
of  the  bill;  some  of  tbls  appears  micaceous. 

1780.  Just  across  the  creek,  no^h  from  the  foregoing,  Is  the  extension 
of  the  muscovadyte  range,  seen  yesterday  on  Gablmichlgama  lake,  but 
here  It  has  a  greenish  tinge,  approaching  the  greenstone  of  Bingoshick 
lake,  as  well  as  that  of  Twin  peaks. 

1781.  Huscovado  greenstone,  Immediately  below  the  quartzyte;  NE.  i 
sec.  36,  T.  66-6. 

1782.  Quartzyte  from  the  top  of  the  ridge,  same  place. 

1762  A.  Quartzyte  near  the  contact  with  1781.  The  bedding  must 
anaonnt  to  nearly  100  feet. 

17S3.  Magnetite  from  tbe  east  end  of  Flying  Cloud  lake;  froma  large, 
nearly  vertical  cllS  at  the  southeast  corner  of  the  lake. 
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1784.  Nortb  side  of  MnacoTado  lake.  This  is  a  remarkable  rock,  as  it 
resembles  muBcovado,  vhich  we  auppoee  to  be  the  result  of  a  change  Id 
sedlmentaiT  rocks;  it  Is  a  remarkable  clrcumstaocealso  that  so  far  south, 
vltbin  the  gabbro  area,  so  much  of  this  rock  is  found.  It  is  beavil; 
Jointed,  nearly  horlzootat  and  slides  Id  sheets  Into  the  lake  towards  the 
southeast,  the  sbeets  being  from  i  Inch  to  6  Inches  thick.  Small  nodules 
weather  out  on  the  surfaces  and  some  lai^er,  harder  patches  also  appear, 
resembling  some  seen  In  the  changed  graywackesonGablmicblgamalake. 
This  rock  prevails  about  the  shores  of  Muscovado  lake,  on  the  shores  of 
the  north  half  of  Gashltanaqueb  lake,  and  Just  north  of  the  latter  it  forms 
some  high  hills. 

1185.  Muscovadyte  from  the  north  side  of  BashllanaQueti  lake.  The 
south  shore  of  this  lake  is  made  up  of  fresh,  gray,  coarse, gabtro. 

In  October,  IB92,  some  Bamples  were  collected  at  the  original 
'working  at  the  Mountain  Iron  showing  the  forms  of  the  quartz 
in  thia  formation,  designed  for  microscopic  examination,  viz.i 

a.  Tac  ony te,  siliceous  cement  (chaicedonlc?;,  embracing  Iron  ore  both 
massive  and  In  rounded  pellets.    Magnetite? 

b.  Chalcedonlc  silica  from  the  same  place,  showing  inclusioos  of  kao- 
llnic  (?)  stuff,  rounded. 

c    G-reenlsh,  flnePewabtc  quaVtzyte,  clearly  striped, 

<t    Same  as  c,  but  coarser. 

e.    "  Quartzy  te,"  a  sandatone,  apparently  feldspathic,  rusted  In  blotches. 
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Dear  Sib— I  have  the  honor  to  offer  herewith  the  tweaty- 
second  annual  report  of  the  Oeolo^cal  and  Natural  History 
Survey  of  Minnesota.  It  embraces  preliminary  field  reports 
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1893.  It  also  contains  lists  of  additions  to  the  library  and  to 
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SUMMARY  STATEMENT. 


An  effort  was  made  in  1893  to  finish  that  amount  of  field-work 
necessary  to  warrant  the  preparation  of  the  final  report  and 
mpps  of  that  portion  of  the  state  remaining  unpublished.  Al- 
though there  are  still  many  unknown  elements  in  the  geology 
of  the  northern  part  of  the  state,  and  some  considerable  tracts, 
remote  from  routes  of  travel,  some  of  which  have  not  been 
"subdivided"  by  the  township  survey  of  the  United  States  goV' 
ernment,  which  the  parties  of  the  geological  survey  have  nol 
been  able  to  visit  and  map,  yet  it  is  thought  best  to  close  up  the 
active  work  in  the  field  and  to  enter  upon  the  preparation  oj 
the  last  volume  of  the  final  report..  It  was  with  ah  earnest  de- 
sire to  round  out  the  present  survey  with  what  might  be  called  a 
final  report,  showing  its  completed  results  in  systematic  rela- 
tions, within  the  reasonable  term  of  a  single  administration, 
that  the  writer,  four  years  ago.  volunteered  to  pledge  the  com- 
pletion of  the  field-work  tor  the  sum  of  twenty-five  thousand 
dollars.  This  was  stated  to  the  appropriation  committees  o1 
the  Legislature  of  1B91.  Fifteen  thousand  dollars  were  appro- 
priated by  that  Legislature.  The  last  Legislature  ( 1393 )  ap- 
propriated ten  thousand  dollars  under  similar  representations. 
Although  the  full  sum  of  tweuty-five  thousand  dollars  has  nol 
yet  been  expended  on  the  field-work,  yet  so  much  has  b^en  done 
that  nearly  all  the  remaining  plates,  which  will  represent  the 
geology  in  the  final  report,  can  be  drawn.  There  will  be  need 
yet  of  special  examination  in  some  dif&cult  and  some  important 
areas,  where  the  opportunities  of  the  past  have  not  been  favor- 
able to  entirely  and  satisfactorily  understand  the  geological 
structure.  Practically,  however,  the  campaign  of  1893  may  be 
said  to  have  finished  the  field-work.  The  rest  of  the  time  to  be 
devoted  to  this  work  by  the  writer  will  be  given,  as  now  con- 
templated, to  the  preparatiou  of  the  last  final  volume,  with  the 
necessary  accompanying  maps. 


>yCoogle 


2  TWENTY -SECOND  ANNUAL  EEPORT 

During  the  last  season  parties  were  in  ihe  field  under  the  fol- 
lowing assistants: 

Prof.  J.  E.  Todd,  in  the  northwestern  portion  of  the  state, 
north  and  east  of  Red  lake. 

Prof.  O.  E,  Culver,  in  Itasca  county. 

Mr.  Warren  Upham,  in  Aitkin  and  Cass  counties. 

Mr.  J.  E.  Spurr,  on  the  Mesabi  range  and  southward  in  St. 
Louis  county. 

Mr.  A.  D.  Meeds,  on  the  Mesabi  range  and  southward  in  St 
Louis  county, 

Mr.  A.  H.  Elftman,  on  the  Mesabi  range  and  southward  in 
Lake  county. 

Dr.  U.  S.  Grant,  on  the  Mesabi  range  and  southward  in  Cook 
county, 

Mr,  0.  P.  Berkey,  from  Grand  Marais  northward,  in  Cook 
county,  aijd  in  cooperation  with  Dr.  Grant. 

The  writer  also  was  in  the  field  in  different  places,  but  chiefly 
in  Cook  county.  Mr.  H.  B.  Ayres  began  work  in  Carlton  county, 
but  was  interrupted  by  sickness  and  afterward  by  other  engage- 
ments, and  accomplished  but  little.  It  is  planned  that  he  vUl 
finish  his  allotment  of  work  in  Carlton  county  the  coming 
season. 

In  view  of  the  proposed  final  mapping  of  the  rest  of  the  state 
it  was  deemed  highly  desirable  to  obtain  such  hypsometric  data 
as  would  warrant  the  approximate  drawing  of  contour  lines  m 
the  manner  shown  on  the  final  plates  already  published  in  vol-, 
umes  I  and  II.  Each  party  was  furnished  with  the  necessary 
instructions  and  apparatus  for  platting  these  lines  en  the  field 
maps  which  they  carried,  while  at  the  same  time  a  continuous 
hourly  reading  of  a  mercurial  barometer  was  recorded  a' 
"Mesaba*  station,"by  means  of  which  the  simultaneous  aneroid 
readings  of  the  different  parties  could  be  corrected  and  reduced 
to  a  uuiform  basis,  and  referred  to  the  sea  level.  In  this  way 
a  large  mass  of  data  was  obtained  which,  when  corrected  and 
platted,  will  result  in  contour  lines,  50  feet  separate,  over  a  large 
area  in  the  northern  part  of  the  state.  This  will  give  an  ex- 
pression of  a  preliminary  topographical  reconnussance,  and 
will  serve  as  an  introduction  to  the  topographical  map  which  it 
is  hoped  may  yet  be  constructed.     At  the  same  time  it  is  an  in- 

•Tnere  having  been  gpcftt  diversity  In  the  BpaUlngot  this  word,  the  mMter  wis 
brought  before  the  United  Slatta  Buoi-d  o/  atooraphlcal  Hama.  of  whioh  tbeSuperlD- 
lendenl  of  the  Const  and  Geo.letio  Survey  Is  president.  On  oonildemtlon  al  the  viri- 
ons i;pelllnKB,  numbering  sbout  half  a  dozen,  It  was  decided  bf  the  Board  that  tbe 
correct  orthography  1b  Uadbi. 
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dispensable  aid  in  the  uoderstaDding  of  the  geologrical  maps 
and  descriptioDS.  Simultaneously  with  this  system  of  hypso. 
metric  readings,  a  line  of  levels  was  run  by  means  of  a  survey- 
or's level  by  Mr.  L.  A  Ogaard,  in  company  with  Mr.  Berkey, 
from  Grand  Marais  across  the  country  to  the  International 
boundary,  designed  to  cross  what  was  supposed  to  be  some  of 
the  highest  land  in  the  state.  Many  hills,  lakes  and  streams 
were  thus  accurately  ascertained.  This  series  of  levels  was 
widened  out  to  the  rightor  left  whenever  opportunity  occurred 
so  as  to  include  important  adjoining  points.  The  highest  point 
found  was  at  the  summit  of  the  Misquab  hills,  2,230  feet  above 
tide,  in  the  N.  E.  part  of  sec.  35,  town.  64.  range  2  W.  The  re- 
gion about  is  made  up  of  the  well-known  "red-rock."  This 
range  of  hills,  in  its  extension  some  miles  further  east  and  west, 
has  nearly  as  great  altitude.  The  examinations  of  the  season 
have  also  demonstrated  that  the  actual  water-divide  from  this 
place  southwestward  to  Duluth  is  essentially  composed  of  the 
same  rock,  variously  mingled  with  the  gabbro  of  the  Mesabi 
range.  The  general  results  of  some  of  these  examinations  are 
given  in  the  accompanying  reports  of  the  assistants  mentioned. 
More  of  the  details  and  the  final  conclusions  will  be  set  forth 
in  the  final  report. 

While  the  accompanying  reports  give,  in  the  main,  the  gen- 
eral results  of  the  various  field  parties,  in  the  words  of  the  as- 
sistants themselves,  that  of  Mr.  Spurr,  who  was  occupied  on 
the  productive  portion  of  the  Mesabi  range,  in  the  vicinity  of 
Bin^abik,  McKinley  and  Virginia,  and  who  has  supplemented 
his  field-work  by  a  careful  investigation  in  the  laboratory, 
reaching  highly  interesting  and  important  results  as  to  the  ori- 
gin of  the  ores  of  the  range,  has  been  published  as  a  separate  doc- 
ument (Bulletin  X).  The  21st  report  of  the  survey  has  also  been 
issued  and  distributed.  Volume  III.  of  the  final  report,  is  still 
Id  press.  Only  a  part  of  the  paleontology  of  the  Lower  Silurian 
can  be  included  in  the  volume.  The  gasteropods  and  cephalo- 
pods,  which  the  volume  had  been  intended  to  cover,  and  for 
which  preliminary  contracts  had  been  executed,  have  to  be 
omit'ted  These  chapters,  however,  will  be  published  at  some 
future  date,  as  now  planned,  and  probably  as  bulletins  of  the 
survey.  Of  the  volume,  however,  the  following  chapters  were 
issued  since  the  last  report: 
Chapter  YI.    The  Lower  Silurian  Lamelllbranchiata  of  Mlnoesota.    hy 

E.  O.  JJlHuk.    Pp.  475-028,  8  plates.    Published  June  16,  1894. 
Chapter  VII.     The  Lower  SilurlaD  Ostracoda  of  Hlnneaota.    B;  E.  0. 

VlTich.  Pp.  629-6B3, 4  plaies.    Published  July  SI,  1884.  . 

Other  papers  by  members  of  ttie  Minnesota  geological  corps    ^^1'^ 
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have  been  published,  as  follows,  elsewhere.     These  have  a 
bearing  on  the  geology  of  the  state  and  of  the  Northwest. 
Volcanic  Rouks  in  tbe  Keewatin  of  Mlanesota.    U.  S.  Grant.    Science, 

vol.  xxUI,  p.  n,  Jan.  12, 1894. 
Note  OD  tbe  Keweenawan  racks  of  Grand  Portage  Island,  north  coast  of 

Lake  Superior.      U.  8.  Grant.    American  Geoloi^lst.  vol.  xlll,  pp.  437- 

439,  June'  1891. 
Spelrogenic  Movements  associated  with  Glac'ation.      Warren,   77pAam. 

American  Journal  of  Science.  Ill,  vol.  xlvi,  pp.  1I4~I21,  Aug.,  1893. 
Altitude  as  tbe  Oause  of  the  Glacial  Period.    Warren  Vpham.    Science, 

Aug.  U,  18B3. 
Beltrami  Island  of  Lake  Agasstz.     Warrei\  Vpham.    American  Geologist, 

vol.  xl,  pp.  423^25.  .Tune,  1893. 
Englaclal  Drift.     Warren  Upham.    American  Geologist,  vol.  sli,  pp.  36-43, 

July,  1893. 
Early  Uao  lu  Ulnnesota.     Warren  Upham.    Am.  Geologist,  vol.  zifl,  pp. 

363,  364,  May,  1894. 
Causes  and  Coadltloas  of  Glaclatlon.      Warren  Upham.     Am.  Geologist, 

vol,  xlv,  pp.  12-20,  July,  1894. 
The  Niagara  Gorge  as  a  Measure  ot  the  Postglacial  period.     Warren  Up- 
ham.   Am.  Geologist,  vol.  xiv,  pp.  62-65,  July,  1694. 
Tbe  Madison  Type  of  Drumlins.      Warren  Upham.     Am.  Geolt^lst,  vol, 

xiv,  pp.  69-83,  with  pi.  ill,  Aug.,  lSft4. 
Evidences  of  the  Derivation  of  the  Karnes,  Eskers,  and  Moraines  of  the 

North  American  Ice-sheet  chiefly  from  Its  Englacial  Drift.     Warrtn 

Upham.    Bulletin  of  the  Geological  Society  of  America,  vol.  v,  pp. 

71-86,  Jan.,  1894. 
The  Succession  ot  Pleistocene  Formations  In  the  Mississippi  and  Nelson 

river  basins.     Warren  Vi^am.    Bulletin  of  the  Geol.Soc.  of  America, 

vol.  V,  pp.  87-100,  Jan..  ISM. 
How  Old  is  the  Earth  ?    Warren  Upham.    Popular  Science  Monthly,  vol. 

Illv,  pp.  163-163,  Dec.,  1893. 
Increase  Allen  Lapham.    N.  H.  Windull.    American  Geologist,  vol.  xtii, 

pp.  1-38,  Jan.,  1894. 
Pebbles  of  Clay  in  Slratlfled  Gravel  and  Sand.    N.  H.  Wincheli.    Glacial- 

Isu'  Magaslne,  vol.  i,  pp.  171-174,  March.  18M. 
Note  on  Cretaceous  in  northern  Minnesota.    H.  V.  Wlnchelt.    American 

Geologist,  vol.  xii.  pp.  220-223,  Oct.,  1893. 
Additional  Facts  about  Nicollet.     H.  V.  WinchelL    Am.  Geologist,  vol. 

xlli,  pp.  126-128,  Feb.,  1894. 
A  Bit  of  Iron  Range  History.    H.  V.  WincheU.    Am.  Geologist,  vol.  xiil, 

pp.  191-170,  March.  I8B1. 
The  Discovery  of  Mineral  Deposits  in  the  Lake  Superior  region,     ff.  Y. 

Wincheli.    Proc.  Lake  Superior  Mining  Inst.,  vol.  ii,  1894, 
False  Bedding  In  titratifled  Drift  Deposits.    /.  E.  Spurr.    Am.  Geologist, 

vol.  xiil,  pp.  43-47,  Jan..  1894. 
Osclllailon  and  Single  Current  Ripjile-marks.    J.  S.  Spurr.    Am.  Geolo- 
gist, vol.  xiil,  pp.  201-206,  March,  1894. 
The  Iron  Ores  of  the  Meaabl  Range.      J.  E.  Spurr.     Am.  Geollglst,  vol. 

lili.  pp.  335-345,  pi.  vlii.  May,  1S94. 
The  Stratlgraphic  Position  of  the  Thomson  Slates.    /,  E.  Spurr. 

Jour.  Sci.,  Ill,  vol.  xlvlll,  pp.  159-166,  Aug.,  1894. 
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LIST  OF  ROCK  SAMPLES  COLLECTED  TO  ILLUS- 
TEATE  THE  NOTES  OF  N.  H.  WINCHELL,  1893. 


1786.  Coarse  diabase,  from  a  branching  conspicuous  dike, 
or  bleb,  which  crosses,  in  part  at  least,  the  town  site  of  Ely. 
It  is  seen  on  the  highest  portion  of  the  town,  cutting  the  boul- 
dery  graywacke,  near  the  Catholic  church. 

1787.  Amygdules,  or  pipe-like  tubes,  in  the  boulders  or 
bombs  of  the  agglomerate  at  Ely,  filled  with  silica  which  ap- 
pears to  be  "  chalcedonic "  or  minutely  granular.  This  new 
feature  is  found  sparsely  in  the  rock  toward .  the  southwest 
from  the  cut  at  the  railroad  already  described.  {Specimen  lost). 

1788.  The  diabasic  rock  mentioned  under  1786  appears  south- 
westward  from  the  railroad  cut,  toward  the  Lockhart  property 
(at  Ely),  and  where  it  abuts  against  a  bouldery  mass  of  the 
graywacke  or  agglomerate,  its  grain  and  substance  seem  to 
enter  the  bouldery  mass,  at  the  same  time  becoming  finer,  and 
to  surround  the  bombs,  forming  the  dark-green  scale  which 
envelops  them.  This  number,  1788,  is  a  sample  of  the  massive 
rock  which  enters,  apparently,  the  graywacke  and  surrounds 
the  boulder- like  masses. 

1789.  An  irregular,  irruptive,  siliceous  rock,  a  kind  of 
quartz  porphyry,  appearing  in  the  midst  of  the  greenstone  on 
a  knob  about  three- fourths  mile  west  of  the  depot  at  Ely. 

1790.  Finely  porphyritic  or  amygdaloidal  diabase,  like  1788, 
the  amygdules  (y)  filled  with  a  dark  green  mineral  (chlorite  ?), 
north  from  the  Chaqdler  mine,  at  Ely. 

1791.  In  the  conglomeritic  portions  of  this  greenstone,  par- 
ticularly in  the  matrix  surrounding  the  boulders,  is  coarse 
silica,  with  calcite  crystals,  mingled  in  which  are  also  isolated 
pieces  of  some  green  shale  or  scale,  seen  north  from  the  Chan- 
dler mine. 

1792.  In  some  places  the  foregoing  minerals  (silica  and 
calcite)  become  abundant,  though  very  fine-grained,  forming 
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lenticular  masses  of  siliceous  marble,  which  stand  vertical. 
These  are  white,  and  from  two  to  four  ioches  thick  and  three 
or  four  feet  long. 

1793.  Basal  conglomerate,  from  the  hottom  of  the  supposed 
preglacial  gorge,  at  Virginia.  This  is  of  ferruginous  pebbles, 
mingled  with  dust  and  dirt  of  the  iron  bearing  rocks.  It  may 
be  of  Cretaceous  origin.  It  has  a  later  infliltration  of  white 
silipa  which  now  forms  its  principal  cementing  bond, 

1794.  Forms  of  taconyte,  showing  transition  from  rock  to 
ore.  Moose  mine  near  the  line  of  separation  from  the  Ohio, 
Virginia. 

1795.  Forms  of  the  ore,  Lone  Jack  mine.  Virginia. 

1796.  Bark,  diabasic  rock  which  blends  with  the  gabbro  as 
if  only  a  phase  of  the  gabbro,  at  Duluth. 

1797.  Oabbro  embracing  small  masses -of  augite-syenite,  at 
Duluth,  and  containing  as  a  result,  numerous  crystals  of  ortho- 
close  as  a  constituent  of  itself. 

1798.  Siliceous  pebbles  or  claystones  from  the  Keewatin 
schists  or  slates  about  a  mile  and  a  half  northeast  of  Otter 
Creek  station,  at  the  highway  north  of  the  St.  Paul  &  Duluth 
railroad. 

1799.  Pebbles  of  disintegration  from  the  gabbro  at  1013 
Michigan  St.,  Duluth. 

1800.  Diabasic  structure  in  the  gabbro,  thin  plagioclase 
crystals  lying  parallel  over  large  areas  making  a  lath-shaped 
marking  when  weathered;  same  place  as  the  last. 

1801.  Gneissic  structure  in  the  gabbro  (rather  adioryte), 
taken  at  the  point  where  the  grand  boulevard  (running  ap 
proximately  on  the  upper  beach)  crosses  a  small  creek  back 
from  Rice's  point. 

1802.  Gabbro  containing  dark-green  inclusions.  These 
small  dark-green  masses  are  rather  fine-grained  and  they  seem 
to  have  affected  the  gabbro  surrounding  them  by  disseminat- 
ing an  element  which,  entering  among  the  gabbro  elements, 
has  given  rise  to  a  red  weathering  feldspar  and  hornblende, 
along  with  some  epidote.  These  dark-green  spots,  with  the 
accompanying  discoloration  impart  a  noticeable  spottedness  to 
the  gabbro  mass  wherever  they  occur. 

1803.  A  fine-grained  rock  from  the  gabbro  near  the  dam 
of  the  little  creek  where  it  is  ponded  above  the  grand  boule- 
vard, at  Duluth. 

1804.  At  a  point  midway  between  the  dam  and  the  elevated 
station  of  the   elevated    railroad,  Duluth,   is  a  large  surface 
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exposure  of  some  old  metamorphic  rock,  some  of  it  being 
brownish-rtsd,  and  some  of  it  gray.  It  is  below  the  crest  of 
the  gabbro  range,  and  on  the  southern  slope,  but  is  embraced 
within  the  general  gabbro  area.  The  red  areas  somewhat 
embrace  the  gray  or  blue.  This  number  represents  the  red 
rocki 

1805.  Is  the  Une-graiued  gray  rock.  This  is  sometimes 
apparently  a  conglomerate,  holding  boulders  of  quartz  and  of 
granite,  but  in  general  it  is  a  uniform  rock.  In  some  cases  the 
red  rock  shades  into  the  blue,  even  on  the  surface. 

1806.  Both  of  the  above  sometimes  are  amygdaloidal — at 
least  are  flecked  with  rounded  dark-green  spots  about  which 
are  reddened  areas  resembling  the  inclusions  in  the  gabbro. 
(1802). 

1807.  Samples  from  the  sedimentary  patches  embraced  in 
the  amygdaloidal  parts  at  Cow  Tongue  point,  north  shore  of 
lake  Superior. 

1808.  Pebbles  from  the  hard  fine  grained,  gray  sedimenta- 
ries,  got  on  the  beach  one  mile  west  of  Brul6  river.  They  vary 
from  blue  to  reddish,  and  one  is  white. 

1609.  Hed  rock  pebble,  from  the  same  beach.  These  are 
usually  amygdaloidal,  and  sometimes  also  porphyritic. 

1810.  Green  doleiMtic  trap  pebbles  from  the  same  beach. 
These  are  very  rare,  although  the  rock  outcropping  on  the 
shore,  at  all  the  points,  consists  of  such  trap. 

1811.  Prom  the  vertical  cliff  forming  the  west  shore  of 
Sickle  bay — a  rather  fine-grained  gabbro. 

1812.  Showing  contact  of  this  gabbro  with  a  very  fine- 
grained black  rock,  from  a  pebble  on  the  beach. 

1813.  Poikilitic  gabbro,  from  the  west  side  of  Double  bay, 
at  the  point.  The  pyroxene  shows  its  own  sheen  in  the  sun- 
light over  large  crystal  surfaces. 

1814.  Gabbro  from  the  hill  range  at  Double  bay,  at  the  west 
end  of  the  near  hills. 

1814A,    White-weathering  lumps  and  patches  in  1814. 

1815.  In  descending  the  hill  again  we  encountered  a  slightly 
different  phase,  being  very  coarse  with  dark  crystals  of  pyrox- 
ene and  light-weathering  large  crystals  of  same  plagioclase. 

1816.  Coarsely  roagh  gabbro,  at  one  mile  east  of  Cannon 
Ball  bay. 

1817.  Coarse  gabbro,  with  poikilitic  crystals  of  pyroxene, 
at  a  point  two  miles  west  of  the  west  side  of  Red  Kock  bay. 
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1818.  Prom  the  southern  (basaltic)  dike  of  the  two  trap 
dikes  cutting  the  "red  rock"  on  the  eastern  side  of  Ked  Bock 
bay. 

1819.  From  the  nortbem  (non-basaltic)  of  the  two  dikes  cut- 
ting the  "red  rock,"  at  the  same  place,  two  feet  from  the  con- 
tact with  tbe  other. 

1820.  Of  tbe  northern  dike  at  tbe  contact  with  the  southern. 
These  dikes  are  nearly  parallel  (east  and  west],  but  interfere 
with  each  other,  the  northern  dike  being  tbe  later. 

1821.  From  a  branching  dike  of  diabase,  or  "black  trap," 
at  tbe  extremity  of  Red  Rock  point.  It  has  a  pitted  surface, 
from  the  decay  and  removal  of  some  soft  mineral. 

1822.  Quartz  porphyry,  Red  Rock  point. 

1823.  Sample  from  low  rocky  knob  rising  but  little  above 
the  water,  near  tbe  shore,  witbin  the  bay  next  east  of  Red 
Rock  point,  but  near  Red  Rock  point,  apparently  underlying 
all  tbe  quartz  porphyry. 

1824.  A  curious,  sbaly-looking  rock  within  tbe  bay  next  east 
from  Red  Rock  point,  cut  by  conspicuous  dikes  that  appear  lo 
be  of  tbe  same  age  &s  those  that  cut  the  quartz  porphyry. 

1825.  Tbe  same,  having  a  spotted  appearance. 

1826.  Amygdaloidal  phases  of  1824. 
.  1826A.    Agates  from  1826. 

1827.  A  metamorphic  quartzyte,  evidently  some  of  the 
Wauswaugoning  quartayte,  from  tbe  southern  face  of  Mt.  Jose- 
phine, about  500  feet  above  the  lake. 

1828.  Basic  irruptive  rock  concerned  in  the  metamorphism 
of  1827. 

1829.  Average  rock  of  tbe  top  of  Mt.  Josephine. 

1830.  "Red  rock,"  kind  of  quartz  porphyry,  from  a  hill 
northwestward  from  Mf.  Josephine,  where  it  forms  an  irreg- 
ular patch  elongated  about  east  and  west,  visible  on  the  south 
em  slope  of  the  gabbro  range. 

1831.  Conglomerate,  from  the  east  side  of  Grand  Portage 
island. 

1832.  Darker  and  Sner-grained  sandstone(?),  same  place. 

1833.  From  the  very  top  of  1832,  where  it  is  in  contact  ■with 
an  overlying  trap  sill. 

1834.  A  peculiar,  nearly  black,  amygdaloidal  rock  found  od 
the  very  top  of  the  island  and  extending  westward  gradually 
descending  to  the  water  level. 

1834A.     A  lot  of  balls  from  1834. 
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18346.  Series  of  red  pebbles,  from  the  beach  of  Grand  Port- 
age island. 

1834C.  Fine  red  granite,  porphyritic  with  quartz,  from  a 
hill  rising  about  600  feet  above  the  lake,  about  a  mile  and  a 
half  from  Grand  Portage,  on  the  west  of  the  Grand  Portage 
trail.  It  is  on  one  of  the  highest  cliffs  on  the  southern  side  of 
the  hill,  but  forms  only  a  small  part  of  the  hill,  which  consists 
rather  of  the  gabbro  of  the  region,  being  a  part  of  the  great 
dike  range  of  which  Mt.  Josephine  is  a  spur. 

1835.  Same  contorted  slate,  from  the  low  hill  of  slate,  cut  by 
numerous  dikes,  which  rises  near  the  lake  at  Grand  Portage. 

1836.  A  possible  organic  impression,  from  the  slates  of  1835. 

1837.  Upper  portion  of  the  Wauswaugoning  quartzyte.  It  is 
gray,  somewhat  colored  like  the  slates,  spotted  with  light  red, 
pink,  or  even  green;  from  the  foot  of  Mt.  Josephine  at  the 
head  of  Wauswaugoning  bay. 

1838.  The  same,  sub-crystalline,  fine-grained. 

1839.  The  same,  having  the  form  of  quartz  porphyry,  ap- 
pearing in  patches  in  1838,  and  also  largely. 

1840.  The  same,  spotted  with  red  and  green. 

1841.  Plumbaginous  quartzyte,  from  the  old  graphite  mine 
on  Pigeon  point. 

1841A.  Spotted  gray  quartzyte,  from  the  beach  near  the 
head  of  Morrison  bay. 

1842.  Atone-half  railewestofLittlePortage bay  (i.  e.,  where 
Pigeon  point  is  norrowest),  the  axis  of  Pigeon  Point  peninsula 
is  composed  of  a  dark-greenish  but  spotted  modified  quartzyte, 
the  spots  being  coincident  with  or  caused  by  poikilitic  crystals 
of  some  rock-making  mineral,  apparently  some  feldspar. 

1843.  Gabbro,  extremity  of  Pigeon  point. 

1844.  Red  rock,  near  the  extremity  of  Pigeon  point 

1845.  Modified  Wauswaugoning  quartzyte,  from  the  knob 
rising  near  the  south  shore  of  Pigeon  point  a  little  west  of  Lit- 
tle Portage  bay — a  quartz  keratophyre.  according  to  Bayley. 
This  knob  consists  of  various  conditions  of  this  quartzyte. 

1846.  Possible  organic  impressions  in  a  limestone,  septaria- 
like  mass,  weathered  from  the  slates  on  the  south  side  of  the 
tongue  which  divides  Pigeon  bay  into  north  and  south  arms. 

1847.  An  amygdaloid  with  green  fillings,  at  the  eastern  eud 
of  the  outer  and  eastern  of  the  Lucille  islands. 

1848.  Massive  pyroxenic  rock,  apparently  in  form  of  a  dike, 
cutting  1847,  same  place. 
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1849.  Porphyritic  gabbro  running  diagonally,  like  a  dike, 
across  the  same  island. 

1850.  Red  rock  attached  to  1849. 

1851.  Ore,  from  the  Susie  Island  shaft,  Pigeon  Point  Silver 
and  Copper  Mining  company,  an  ill-starred  enterprise  inspired 
by  the  late  T.  M.  Newson. 

1852.  Qnartzyte  and  black  slate,  showing  contact  of  sedi- 
mentary sequence  in  the  shaft.  It  is  apparent  that  while  the 
shaft  started  in  hardened  state  at  the  surface,  the  ezcavatlOD 
struck  red  quartzyte  and  finally  red  granite. 

1853.  Red  granite  from  the  bottom  of  the  shaft 

1854.  Black  slate,  at  the  Susie  Island  works,  becoming 
crystalline  with  orthoclase  and  turning  red  on  weathering. 

1855.  Sample  of  dike  forming  a  little  point  about  one  mile 
west  of  the  west  point  of  Grand  Portage  bay. 

1856.  Amygdaloid  cut  by  this  dike. 

1867.  Amygdaloid,  center  of  sec.  20,  first  point  west  of  the 
last. 

1868.  Supposed  sedimentary  material  containing  laumontite, 
from  the  western  side  of  Cow  Tongue  point. 

1859.  Red  rock,  not  quartz  porphyry,  from  the  west  side  of 
Cow  Tongue  point. 

1860.  Quartz  porphyry  of  the  red  rock  series,  on  the  S. 
town  line  of  62-1  E.,  where  the  new  road  from  Grand  Marais 
crosses  it.  This  is  also  amygdaloidal,  which  is  a  new  point  io 
the  petrology  of  this  series. 

1861.  Coarse  poikilitic  gabbro,  from  the  hills  next  north  of 
the  Brult^  lakes,  on  the  Iron  trail. 

1862.  Finely  granitic  red  rock,  on  the  portage  south  from 
Misquah  lake. 

1863.  Dark  gray,  or  reddish-weathering  fine-grained  rock 
holding  porphyritic  crystals  of  feldspar,  from  the  north  side 
of  Brut€  lake  at  the  portage  north  to  Lost  lake. 

1864.  Porphyritic  orthoclase  gabbro,  S.  W.  J  sec.  13,  T- 
68-3  W..  south  shore  of  BruliS  lake. 

1866.  A  dark  gray,  rather  fine-grained  rock  which  is  sup- 
posed to  be  derived  from  the  porphyry  series,  S.  W.  i  sec.  14. 
T.  63-3  W.  south  shore  of  BruW  lake. 

1866.  Red  rock  porphyry.  Probably  S.  E.  i  sec.  15,  63-3.  W^- 

1867.  Orthoclase  gabbro,  S.  E.  i,  S.  W.  i,  sec.  24.  T. 
68-3  W. 

1868.  Red  rock  forming  the  hill  in  W.  i,  N.  B.  i,  sec  25, 
T.  63-3  W.  r-  i 
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1869.  Fine  grained  orthoclase  gabbro,  south  side  of  the 
island  in  N.  E.  J,  S.  W.  J,  sec.  24,  63-3  W. 

1870.  Peculiar  gabbro,  east  end  of  the  island,  S.  W.  ^,  N. 
E.  i,  N.  E.  i,  sec.  13,  63-8  W.  •  .  . 

1871.  Fine  grained  gray  rock,  with  spots  resembling 
ainygdQle&  No  stmcture  made  out  in  this  rock;  eastern  point 
of  the  large  island,  N.  E.  J,  8.  W.  J,  sec.  18,  T.  62-2  W. 

1872.  A  phase  of  the  same.  These  two  specimens  well 
represent  the  rock  of  this  point 

1873.  Red  rock,  fine  grained  and  dark  colored,  N.  B.  i,  8. 
E.  i,  sec.  18,  T.  63-2  W.  This  is  the  eastern  end  of  a  range  of 
red  rock  hills  that  lies  on  the  south  of  Brul^  lake  in  this  ,V 
section  and  S.  i,  N.  W.  i,  sec.  17. 

1874.  Dark  porphyry,  Intermediate  between  the  gabbro 
and  the  reddish  porphyry  (1863)  seen  about  Bruli5  lake.  South 
side  of  a  small  lake  in  the  N.  E.  i,  N.  E.  J.  sec.  17.  T.  63-2  W. 
The  same  is  seen  along  the  south  shore  i  mile  further  east. 

1876.  Dark,  compact,  fine  grained  rock,  with  a  tendency  to 
a  reddish  color.  Small  dark  areas  of  crystalline  material, 
surrounded  by  a  vein  of  red  which  grades  into  the  rest  of  the 
rock,  are  common,  N.  E.  J,  N.  E.  i,  sec.  20,  63-3  W. 

1877,  Quartz  porphyry,  with  black  groundmass,  in  which 
are  small  quartzes  and  feldspars,  the  latter  redish  to  flesh- 
color,  and  frequently  having  the  outer  part  redder  than  the 
interior,  N.  E.  i,  N.  W.  J,  sec.  20,  T.  63-3  W. 

__  1878.  Quartz  prophyry  with  dull  red  groundmass.  small 
quartzes  and  red  feldspars,  which  latter  are  not  usually  very 
distinct,  as  they  are  of  about  the  same  color  as  the  ground 
mass,  N.  W.  i.  N.  W.  i.  sec.  20,  T.  68-3  W. 

1879.  "Black  rock,"  so-called,  on  a  small  island  in  the  N. 
W.  J,  S.  E.  h  sec.  18,  T.  63-3  W. 

1880.  Spotted  phase  of  the  same,  at  the  western  outlet  of 
Bruli  lake,  N.  E.  J.  S.  W.  h  sec.  18,  63-3  W. 

1881.  Rather  fine  grained  "pepper-and-salt"  rock,  in  a  low 
ridge  crossing  the  trail  from  Bml<5  lake,  S.  W.  i,  N.  W.  J,  sec. 
18.  T.  63-3  W.,  apparently  in  form  of  a  dike. 

1882.  Fine  grained  red  rock,  from  the  precipitous  cliff  on 
the  eastern  side  of  the  hill  rising  at  the  S.  W.  comer  of  sec. 
8,  T.  63-3  W. 

1883.  Hard  "black  rock,"  N.  E.  i,  N.  E,  i,  sec.  17,  63-3  W. 

1884.  Red  "black  rock."  N.  W.  i,  N.  E.  i,  sec.  16,  63-3  W. 

1885.  Amygdaloid- like  porphyry,  from  a  reef-like  island 
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just  off  the  eastern  most  point  in  S.  E.  i.  S.  W.  i.  sec  10, 63-3 
W.    The  amygdaloidal  spots  are  sometimes  i  inch  in  diameter. 
1686.    Black  rock  from  the  hills  in  the  N.  part  of  sec.  18.  T. 
63-3  W.  at  the  vest  end  of  Brul6  lake. 

1887.  A  slaty  fra°:meiit  from  the  "black  rock"  forming  a 
part  of  one  of  the  hills  in  N.  E.  J  sec.  18,  63-3  W. 

1888.  Black  rock,  apparently  with  fine  quartz  grains.  Same 
place  as  the  last. 

1889.  Pseud-amygdaloid  in  the  black  rock,  at  the  Temper- 
ance river  outlet  of  Btu[6  lake. 

1890.  Apparently  a  coarse  diabase,  or  a  fine  gabbro,  possi- 
bly a  derivative  of  the  black  series,  cut  by  veins  of  red  granite. 
Same  place. 

1891.  Graphic  granite,  from  veins  and  patches  in  the  gabbro 
cut  on  the  spur  of  the  railroad  near  Paulson's  camp. 

1892.  From  an  eighteen  inch  dike  cutting  the  gabbro.  seen 
on  the  railroad  about  a  mile  east  of  Paulson's  camp. 

1893.  Pair  sample  of  the  iron  ore  at  Paulson's,  sec.  28,  65-4W. 

1894.  Pyrite,  thought  to  contain  nickel.     Paulson's. 

1895.  An  unknown  mineral  connected  with  the  pyrite.  from 
the  quartzyte  at  Paulson's.     This  mineral  is  cinnamon  colored, 

1896.  Average  sample  of  an  isolated  ridge  of  Animikie 
saparated  by  a  range  of  greenstone  from  the  main  mass  of  the 
Animikie,  lying  in  S.  W.  i  sec.  21.  65-4  W.,  near  Paulsons 
camp. 

1897.  Some  of  the  finest  portion  of  a  singular  slate-and- 
quartzyte  breccia  occurring  in  a  low  ridge  by  the  railroad 
(south  side),  at  the  peat  swamp  crossing,  about  1  mile  west  of 
the  narrows  of  Gunflint  lake. 

1898.  Prom  the  center  of  the  conspicuous  vertical  dike  which 
cuts  the  trap  hill  at  the  west  side  of  the  outlet  of  South  Foivl 
lake. 

1899.  Prom  the  same  dike  from  its  contact  with  the  trap 
forming  the  hill. 

1900.  Fair  sample  of  the  gray  trap  of  the  hill,  remote  from 
the  dike. 

1901.  The  trap  near  the  dike,  apparently  changed  to  a 
greater  denseness  through  the  action  of  the  dike. 

1902.  Pine  quartzose  conglomerate,  overlying  the  next,  dip- 
ping southward,  toward  the  hill-range,  from  about  the  center 
of  the  N.  W.  i  of  sec.  25,  64-4  E.,  southward  from  South  Foirl 
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1903.  Lower  portion  of  the  conglomerate  represented  by 
1902.  These  are  each  visibly  about  18  feet  thick,  and  grade 
into  each  other.  The  upper  mass  resembles  the  finer  portions 
of  the  gritstone  seen  at  the  east  end  of  Grand  Portage  island, 
and  the  lower  one  is  like  the  coarse  quartz-pebbly  conglome- 
rate seen  near  Pond  du  Lac  in  the  valley  of  the  St.  Louis  river. 

1904.  From  the  bottom  of  the  perpendicular  escarpment 
forming  the  top  of  the  same  hill.  The  MU  rises  about  350  feet 
above  the  country  immediately  north.  This  represents  the 
top  of  the  gritstone,  and  is  similar  to  1902.  The  gritstone  has 
a  thickness  of  almut  126  feet,  although  it  cannot  all  be  seen 
exposed. 

1905.  From  the  top  of  the  same  hill,  a  nondescript  rock 
resembling  some  Keewatin. 

1906.  A  fine-grained  member  of  the  gritstone,  from  an  ex- 
posure further  east 

1907.  Slate,  south  of  the  Millie  mine.  Iron  Mountain,  Mich. 

1908.  Limestone,  "the  limestone,"  same  place. 

1909.  "Potsdam  sandstone, "  unconformable  over  the  lime- 
stone, same  place. 

1910.  Typical  jaapilyte  of  the  Chapin  mine  region. 

1911.  Ore  of  the  Chapin  mine  region,  with  "carbonate" 
interbedded. 

1812.     Rhodochrosite  (?).  Chapin  mine  ore  dump. 

1913.  The  conglomerate  supposed  to  lie  between  the  Millie 
and  the  Chapin,  from  the  Quinnesec  ore  dump,  from  an  old  pit. 

1914.  Same  of  the  schistose  and  calcai'eous  portions  of  the 
greenstone,  on  the  Wisconsin  side.  Lower  Quinnesec  falls, 
Menominee  river. 

1915.  Some  of  the  massive,  ditto. 

1918.    Green  schist,  with  quartz  and  carbonate  of  lime. 

1917.  Finely  laminated,  apparently  sedimentary  structure, 
in  the  green-  schists  on  the  Michigan  side.  Lower  Quinnesec 
falls. 

1918.  Coarsely  crystalline,  apparently  gabhro-like  rock 
thrown  out  in  the  excavation  for  the  channel  for  running  logs, 
Lower  Quinnesec  falls. 

1919.  "Actinolite-magnetite  schist"  and  hematite,  from  the 
"lower  Huronian."  at  a  point  in  the  first  hill  just  south  of  the 
Republic  mine,  Michigan.    Structure  dips  N.  about  75  deg. 

19S0.  Quarlzyte,  supposed  to  belong  below  the  last,  a  little 
further  south.  The  visible  stratification  here  dips  N.  about 
50  deg. 
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1921.  Fine  quartzose  mica  schist,  in  a  narrow  band  visible 
about  18  feet,  running  in  the  granite,  a  little  further  south. 

1922.  Fine  mica  schist  holding  quartz  pebbles,  at  the  base, 
as  supposed,  of  the  "lower  Huronian,"  lying  on  a  granite 
which  appears  to  be  irniptive,  and  from  which  it  is  supposed 
to  have  derived  boulder  masses,  about  half  a  mile  further 
south. 

1928.  Breccia  of  jaspilyte,  cemented  by  dark  jaspilyte,  and 
by  iron,  Republic  mine. 

1924.  Quartzyte,  from  the  Republic  ridge,  at  the  point 
where  the  evident  discordance  occurs. 

1925.  From  the  same  quartzyte,  becoming  sericitic,  from 
an  old  mining  location  on  the  opposite  side  of  the  lake. 

1926.  Garnetiferous  mica  schist,  from  the  same  side  of  the 
lake  but  further  west,  a  surface  exposure  thought  to  be  from 
the  top  of  the  "upper  Huronian." 

1927.  A  much  changed  large  dike  of  basic  rock,  running 
parallel  with  the  strata  in  the  "upper  Huronian"  at  the  rail- 
road cut,  west  side  of  the  lake. 

1928.  Conglomerate  containing  copi)er,  Calumet  and  HecJa 
mine.  • 

1929.  A  boutder-like  mass,  containing  a  large  amount  of 
copper,  apparently  a  boulder  of  amygdaloid  or  other  poroos 
rock  which  has  received  copper  into  its  interstices,  same  place. 

1930.  "Shot  copper,"  originally  an  amygdaloidal  fragment 
of  some  eruptive  rock  embraced  in  the  general  conglomerate, 
has  been  permeated  by  metallic  copper  from  solution,  same 
place. 

1931.  String  copper,  with  a  little  silver,  from  which  the 
associated  boulders  have  been  separated. 

1932.  Calcite  crystals,  coutalniug  interleaved  copper;  same 
place. 

1983.  "Half  breed",  i.  e.  mass  of  metalic  copper  containing 
some  silver,  found  under  the  stamps.     Calumet  and  Hecla. 

1934.  "Baby  ingot"  of  metallic  copper.  Calumet  and  Hecla. 

1935.  Sandstone  having  a  matrls  of  metallic  copper.  Calu- 
met and  Hecla. 

1936.  '  'Melaphyr"  trap,  taken  from  the  Tamarac  shaft,  near 
the  Calumet  and  Hecla  mine,  the  most  abundant  rock  passed 
through  in  the  3,000  ft.    New  shaft. 

1987.     Variation  of  this  trap  rock,  with  some  epidote. 
1938.     Carbonate,  supposed  to  be  that  from  which  the  iron 
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ore  of  the  Palms  mine  (near  IroDwood,  Mich.),  and  of  the  Go- 
gebic range  in  general,  is  derived.    From  near  the  Palms  mine. 

1939.  Tufaceous  material,  in  the  "upper  Huronian",  inter- 
bedded  with  the  iron-bearing  rocks.  From  tne  dump  at  the 
Palms  mine. 

1910.  The  silioeous  slate  south  of  the  Aurora  mine,  involved 
in  the  granite,  whether  by  irrnpiive  contact  or  by  sedimentary 
non- conformity,  is  a  point  of  difference. 

1941.  The  granite  here  contacting. 

1942.  Some  of  the  poikilitic,  most  coarsely  crystalline  por- 
tion of  the  gabbro  at  the  first  railroad  cut  (most  westerly)  near 
Short  Line  park,  on  the  St.  Paul  &  Duluth  R.  R,  From  the 
east  end  of  the  cut.  Much  of  this  rock  at  the  first  cut  is 
amygdaloidal.  especially  toward  the  westeru  end  of  the  cut, 
and  on  the  western  face  of  the  hill,  and  most  of  It  is  rather  a 
green  trap  or  diabase,  when  not  amygdaloidal. 

1943.  Very  fine-grained,  dense,  oliviaitic  gabbro,  weathers 
greenish.  From  the  second  cut  east  of  Short  Line  park,  (on 
the  E.  line  of  S.  E.  i  sec.  33). 

1944.  The  usual  black  irony  belt  in  the  gabbro  hill  at  the 
same  place,  visible  on  the  west  face  of  the  hill. 

1945.  Coarse  oHvinitic,  ma^netited  gabbro.     Same  place. 

1946.  Underlying  coarse  gabbro,  same  place. 

1947.  From  veins,  or  seams,  in  1946,  same  place. 

1948.  Highly  blackened  gabbro,  from  another  cut  further 
east,  probably  in  the  east  side  of  sec.  34.  This  is  rather  fine 
grained  but  not  observably  magnetic.  It  constitutes  but  a 
small  part  of  the  prevailing  rock. 

1949.  From  a  detached  amygdaloidal  mass  between  the 
depot  and  the  river  at  Cloquet. 

1950.  Average  type  of  the  gabbro  of  the  first  (westerly)  bill 
range,  in  sec.  33,  near  Short  Line  park. 

1951.  Three  samples  showing  the  average  amygdaloidal 
structure  in  the  same  hill. 

1952.  One  of  the  narrov?  amygdaloidal  dikes  cutting  this 
hill,  with  contact  on  the  gabbro,  same  place. 

1953.  Prom  a  large  dike  running  N.  15  deg.  E.,  same  place. 

1954.  Massive  homogeneous,  irruptive  rock  mingled  with 
the  bombs  and  graywacke  in  the  "greenstone  formation"  near 
(but  north  from)  the  depot  at  Ely.    (Specimen  lost ) 

1955.  Concretionary,  rounded  small  masses,  resembling 
those  figured  on  p.  318  of  the  16th  annual  report,  from  the 
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ambiguous  greenstone  at  Ely,  near  the  Catholic  church.    (Spec- 
imen  lost.) 

1956.  A  breccia  embracing  some  green  fragments  of  the 
schist 

1957,  Sub-crystalline  porodyte,  or  feldspathic  qnartzyte, 
north  side  of  Ely  island,  Vermilion  lake.  With  the  exception 
of  a  little  argillyte  at  the  west  end  of  this  island  the  -whole 
north  shore  consists  of  rock  of  this  kind. 

195S.  Apparently  burnt  jaspiiyte.  from  the  mainland  south- 
east from  Ely  island.  This  appears  as  a  black,  slaty  argillitic 
jaspiiyte,  in  the  midst  of  porodyte,  and  runs  at  least  one-fourth 
mile,  with  the  usual  strike,  standing  nearly  vertical,  or  dipping 
85-90  deg.  toward  the  north. 

1959.  Three  pieces  showing  the  south  contact  of  this  on  the 
porodyte.  No  effect,  so  far  as  can  be  seen,  is  produced  on 
either;  but  the  porodyte  simply  becomes  some  finer  and  green- 
er. We  subsequently  noted  the  same  contact  on  the  north  side 
of  a  Jaspiiyte  belt,  with  the  same  result. 

1960.  Some  squeezed  masses  of  jaspiiyte  showing  the 
changed  forms  of  pebbles  of  different  colors.  North  side  of 
the  north  ridge,  at  Soudan. 

1961.  Apparently  pebbles,  pressed,  enclosed  in  hematitic 
jaspiiyte,  out  on  close  examination  they  appear  to  be  remnants 
of  reddish  jaspiiyte  replaced  otherwise  by  hematite. 

1962.  A  form  of  the  greenstone  which  appears  on  the  north 
slope  of  the  "north  ridge."  It  has  an  approiich  toward 
argillyte. 

1963.  A  black  slaty  jaspiiyte  is  seen  near  the  limonite  local- 
ity, where  a  large  amount  of  limonite  was  taken  out  by  the 
Minnesota  Iron  company  but  not  shipped,  north  from  Soudan. 
Is  it  carbonaceous  ? 

1964.  Another  coarse,  siliceous  grit,  or  qnartzose  gray- 
wacke,  weathering  light- colored,  embraced  in  the  argillytes, 
and  interbedded  with  them,  yet  owing  to  upheaval  and  fracture 
now  forming  all  manner  of  contact  with  them,  from  the  west 
side  of  a  point  within  the  bay  about  a  mile  and  a  half  west 
of  Stuntz  island,  south  shore  of  Vermilion  lake. 

1965.  Similar  to  the  last,  but  also  resembling  much  of  the 
rock  on  Stuntz  island,  from  the  same  point,  but  a  little  nearer 
the  extremity  of  the  point. 

1966.  A  typical  homogeneous  specimen  of  the  "  black  rock," 
Ro  called,  at  the  crossing  of  Lake  street  and  Piedmont  avenue, 
Duluth. 

Digitized  byCOOgIC 


STATE  GKOLOGIST.  17 

1967.  A  sample  of  the  conglomerate- appearing  portion  of 
the  same  black  rock  near  the  same  place. 

1968.  Bed  rock,  associated  with  this  black  rock  near  the 
creek  crossed  by  Piedmont  avenue  a  short  distance  further 
west 

[Note.  The  descriptive  observations  and  dif^rams  accom- 
panying these  specimens,  as  made  in  the  field,  are  reserved  for 
use  in  the  final  report.] 
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AREAS  EXAHIKED. 


From  June  6th  to  November  2d,  the  writer  was  engaged  in 
field  work  in  the  north  central  and  northeastern  portions  of 
Minnesota,  excepting  absence  during  the  second  half  of  Au- 
gust in  attendance  at  the  sessions  of  the  Geological  Society  of 
America  and  the  American  Association  for  the  Advancement 
of  Science,  in  Madison,  Wis.,  and  of  the  World's  Congress  on 
Geology,  aiixiliary  with  the  Columbian  Exposition,  Chicago. 
The  areas  specially  assigned  to  me  for  examination  and  report 
comprise  (1)  Aitkin  county;  (2)  Cass  county  (excepting  the 
small  part  north  of  Hubbard  county,  assigned  to  Prof,  J.  E. 
Todd);  and  (8)  the  large  tract  of  Crow  Wing  county  lying 
northwest  of  the  Mississippi  river  (which  at  the  time  of  the 
writing  of  chapter  xxii  ia  volume  ii  of  the  Final  Keport  of  this 
Survey,  treating  of  Crow  Wing  and  Morrison  counties,  was  in- 
cluded in  Cass  county,  being  transferred  thence  to  Crow  Wing 
by  the  state  legislature  in  1887). 

After  the  examination  of  these  areas,  whiph  occupied  the 
summer  months,  my  work  during  Septemt>er  and  October  con- 
sisted of  observations  of  the  glacial  and  modified  drift  in  the 
vicinity  of  Moose  Lake,  Barnum,  Carlton,  and  Duluth;  south- 
westward  from  Duluth  and  West  Superior  to  Holyoke,  on  the 
Eastern  branch  of  the  Great  Northern  railway;  northwestward 
along  the  Duluth  and  Winnipeg  railroad  from  Dulutb  to  Grand 
Rapids;  along  the  Duluth  and  Iron  Range  railroad  for  the  en- 
tire extent  of  its  main  line  from  Duluth  to  Two  Harbors,  Tower, 
and  Ely,  and  on  its  Western  Mesabi  branch  from  Allen  Junc- 
tion to  Biwabik;  and  along  Vermilion  lake,  from  Tower  to  its 
outlet  and  western  end. 

MAPPING  ACCOMPLISHED. 
Having  the  township  plate  of  the  government  surveys  as  the 
Ijasis  for  topographic  (or  hypsometric)  and  geologic  mapping, 
the  delineations  to  be  added  were  (1)  lines  of  contour,  showing 
the  form  of  the  land  surface  in  undulating  or  rolling  tracts, 
hills,  valleys,  and  plains,  with  the  altitudes  of  all  portions 
above  the  level  of  the  ocean;  and  (2)  the  location  of  rock  out- 
crops, and  the  extent  and  boundaries  of  the  diverse  drift 
deposits. 

1,    TOPOOEAPHT. 

For  the  reference  of  the  contour  lines  to  the  sea  level,  the 
bights  determined  by  the  surveys  for  the  rMlroads  of  this  part 
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of  the  state,  all  of  which  north  of  Duluth  and  the  Northern 
Pacific  railroad  have  been  recently  constructed,  were  obtained 
by  copying  from  the  profiles  of  these  snrveys.  Every  facility 
for  this  was  courteously  granted  by  the  ofScers  and  engineers 
of  the  several  railroad  companies,  namely,  the  Dulutb  &  Win- 
nipeg, the  Duluth,  Missabe  &  Northern,  and  the  Duluth  &  Iron 
Range;  and  likewise  of  the  shorter  railroads  used  chiefly  or 
wholly  for  lumbering  purposes,  namely,  the  Brainerd  &  North- 
em  Minnesota  railway,  the  Mississippi  &  Northern  nulroad 
(running  northward  from  Gross  lake.  Crow  Wing  county),  and 
the  Duluth,  Mississippi  River  &  Northern  railroad  (running 
northward  from  Hiawatha,  at  the  mouth  of  the  Swan  river). 
Previously  I  had  similarly  obtained  and  published  the  altitudes 
determined  by  the  Northern  Pacific  railroad;  the  St.  Paul  & 
Duluth  railroad;  the  Eastern  railway  of  Minnesota  (operated 
by  the  Great  Northern  railway  company);  and  bights  of  the 
Mississippi  and  St.  Louis  rivers,  and  of  lakes  about  thdr 
sources,  as'  shown  by  these  various  railroad  lines  and  by  snr 
veys  of  U.  S.  E»gineers  for  the  purpose  of  constructing  reser- 
voirs on  the  upper  Mississippi  and  Its  tributaries.* 

Using  these  altitudes,  exactly  ascertained  by  levelling,  as 
data  for  reference,  careful  observation  and  barometric  readings 
have  sufBced  for  the  drafting  of  the  lines  of  contour,  50  feet 
apart  vertically,  upon  the  areas  here  reported.  Mainly  the 
surface  is  nearly  level  or  only  moderately  undulating,  but  in 
certain  belts  it  rises  prominently  in  hills  50  to  200  feet  or  more 
in  hight,  consisting  of  marginal  morainic  drift  accumulations 
which  mark  the  boundaries  of  the  ice-sheet  at  stages  of  pause 
or  slight  re-advance  interrupting  its  general  retreat  at  the 
close  of  the  Glacial  period.  The  valleys  of  the  rivers  are  sel- 
dom very  deeply  eroded  below  the  general  level,  their  depths 
ranging  from  10  or  20  feet  to  100  feet  or  rarely  more.  Simi- 
larly shallow  or  sometimes  deep  depressions  in  the  general 
sheet  of  drift  hold  the  numerous  or  often  very  abundant  lakes, 
which  lie  commonly  10  to  40  feet  below  the  surrounding  coun 
try,  and  have  depths  of  10  to  50  or  75  feet  or  rarely  more. 

In  Aitkin,  Cass,  and  Crow  Wing  counties,  outcrops  of  the 
lied  rocks  are  very  rare.  The  thickness  of  the  overlying 
drift  is  believed,  from  its  known  depths  in  other  parts  of  the 
state,  to  vary  from  50  or  75  feet  to  150  or  200  feet,  or  perhaps 
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occasionally  more,  being  spread  as  a  somewhat  uitiform  sheet 
over  that  region.  The  general  altitude  and  slopes  of  the  land 
are  therefore  due  to  the  form  of  the  rock  floor  on  which  the 
drift  rests.  In  the'iieighborhood  of  Carlton  and  Dulath,  how- 
ever, and  OD  many  large  tracts  of  the  country  farther  north  and 
northeast,  the  bed  rocks  have  abundant  exposures,  and  bold 
rock  hills  and  cliffs  often  show  more  evidently  the  part  which 
the  rocky  foundation  takes  in  all  the  grand  topographic 
features. 

The  following  table  contains  altitudes  of  the  more  important 
railroad  stations,  lakes,  rivers,  and  hills,  in  the  region  of  this 
report,  noted  in  feet  above  mean  tide  sea  level. 
Altitudes  above  the  Sea  Level. 


RAILBOA.D  Stations  (track), 

St.  Paul  a  Duluih  Bailroad. 

Feet. 

Dulath BOa 

Short  Line  Park 875 

Thomson 1055 

Carlton :...1083 

Otter  Creek  station 1 150 

Summit  of  grade,  about  1  mile 
noith  of  Habtowa,  highest  on 

this  raUroad ino 

Mahtowa nil 

Eamum 1105 

Moose  Lake  station 1063 

Qreat  Northern  Saihoay. 

WestSuperlor Ml 

South  Superior 672 

Boylston 687 

Dedham B02 

Poxboro 956 

Rhodes' Mill 1025 

Holyoke llOO 

A'ortAem  Pacific  BaUroad. 

Duluth 808 

South  Superior 672 

Pokeuama 682 

Walbrldge 815 

Barker 853 

Wr^OBhall 1044 

Summit  of  grade.U  miles  Bouih- 
eaat  of  Carlton,  In  a  rock  cut 

16  feet  deep 1098 

Carlton 1083 

Pine  Grove 1237 


Sawyer 1317 

Cromwell 1308 

Wright. 1309 

Tamarack 1271 

McGregor 1228 

KImberly 1237 

Roasburg ■...    1222 

Aitkin 1208 

Cedar  Lake  station 1222 

Deerwood 1277 

Jonesville 1238 

Bralnerd 1209 

Baiter 1205 

Gull  River  station 1 191 

Sylvan  Lake  station 1207 

Pillager 1203 

Wheelock 1214 

Motley J22T 

Hayden 1255 

Staples 1274 

Duluth  &  Winnipeg  Sailmad. 

Cloquet 1191 

Nagonab 1214 

Stony  Brook  station 1 230 

Stony  Brook  Junction 1226 

Catlln 1237 

rioodwood 1255 

Island 1287 

Wawina' 1268 

Swan  Blver  station  1293 

Blackberry 1300 

La  Prairie 1283 

Grand  Eaplds 1287 
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Feet. 

Cohasaet 1284 

Deer  Biver  station 1291 


Feel. 


St.  LouibRlrer  statlOD 15H 

Allen  Junction 1S08 

Mesaba 1513 

Hlnsdate  siding  (summit  of 

grade) 15S9 

Embarras  River  station U2S 

Norway  siding .1472 

West  Two  Rivers  siding 1426 

Tower  Junction 1381 

Tower. 1367 

AnnstroDg  Lake  sldl  nit 14i& 

Robinson  Lalce  staUon 1481 

Ely H17 

WaUm  Staaht  BranA. 

Allen  Junction 1E08 

Blwabik 1*58 

McKinley 1436 

Virginia  station  (i  mile  east  of 
the  town  and  about  115  feet 

higber) 1555 

Lakes. 
Lake  Superior,  low   and  high 
water,  600403;  mean  1870  to 

1888 001.56 

Along  the  Intematkmal  Boundary.* 

Soutb  Fowl  lake 1438 

North  Towl  lake 1440 

Moose  lake Hsfi 

Mou  n  tain  lake 1652 

Rove  lake 186" 

Watershed  on  the  boundary,  be- 
tween sources  of  the  Pigeon 

and  Arrow  livers,  about 1115 

Rose  lake.  1528 

South  lake IMS 

North  lake 1650 

Gnnfllnt  lake 1547 

Pine  lake "65 

Granite  (or  Banks'  Pine)  lake.  .1448 

Saganaga  lake 1434 

Swamp  (or  Oak]  lake 1435 

•Fmm  tb a  profile,  priDOlpiilly  bMed  oa  levelllriE.ot  tbe  "Route  brtbeOnndPort- 
aice  aod  Plgeoa  Blver  from  Lake  liuperlor  to  Balur  Lake,"  la  8.  J.  UsMaoa's  "Ke- 
pcrl  on  the  exploration  of  the  coantr^  between  Lake  Superior  and  the  Bed  SI*ec 
•oltlement,  and  between  the  latlec  place  and  tbe  Aaainlbolne  and  Saskatchawan," 
Toronto,  18Se  (pp.41,  with  two  maps  and  two  profiles);  earreated  approximately  to 
accord  with  the  recent  BurTsy  ol  the  Port  Arthur,  Dulutb  &  Western  railway.  rIt- 
lai  the  altitude  ot  Ounfiint  lake,  and  with  the  altltudesof  Knife.  Oarp,  Suoker, 
and  Basswood  lakes,  which,  as  given  in  tbls  series,  beaidei  many  othen  south  and 
southeastward  to  the  Devil's  Track  lake,  were  delermlned  In  1803  throuith  lerelllng 
by  L.  A.  Ogaard  and  Alex.  N,  Wlnohell  for  the  Geological  and  Natural  History 
Survey  ot  Ulnnesota. 


Dtdvth,  Mimabe  tt  Northern  BaUioay. 

Shops 1230 

Pine 1358 

Grand  Lake  siding 1332 

Burnett  (at  the  Cloquet  river). 1205 

Columbia 1267 

Albert 1301 

Birch 1320 

Ee]sey(attbeWhltefaoe  rlver)1302 

Wallace 1316 

Morrell 1333. 

Shaw  (at  the  St.  Louis  river) .  .133» 

Iron  Junction 1378 

Wolf 1402 

Monti  tain  Iron 1460 

Hlbblng 1666 

Vl^lnla 1439 

Eveleth 1B05 

Blwabik 1465 

Dtdiiih  (£  iron  Bangs  Railroai. 
Main  lAme. 

Duluth 608 

Lester  Park 661 

Clifton 661 

Arthur 663 

Two  Harbors 692 

Waldo  siding 1057 

York  siding ...1450 

Highland . . . , 1709 

Summit  of  grade,  highest  on 
this  railroad,  about  1  mile 
north  of  HigblaDdiln  a  cut  of 

moralnic  till  20  feet  deep 1144 

Thomas  aiding 1610 

Cloquet  River  station 1504 

Breda  siding 1560 

Bassett  Lake  station 1636 

Beno  siding  [summit  of  grade).  1676 
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Feet. 
Watershed  between   Saffanaga 

and  Otter  Track  lakes.crossed 

by  a  portBKe  of  i  mile,  the 

only  ezceptioa  to  a  complete 

circuit  of  lakes  and  straams 

encloslDg  "Huoters'  Islaud," 

about... '. H15 

Ott«r  Track  (or  Cypress)  lake. .  1387 

Knife  lake 1382 

Carp  (or '  'Pseudo-Messer")  lake.l3S6 

Sucker  (or  Birch)  lake .1330 

Basawood  lake 1300 

Crooked  lake 1245 

Lac  la  Croix (NequauquoD  take).llS<i 
Crane,  Sand  Points,  and  Name- 

kan  lakes 1127-1126 

Ratny  lake,  low  and  high  water, 

1115-1120;  mean 1117 

Lake  of  the  Woods,  low  and 

high  water,  1057-1063;  mean.. 1060 

South  of  the  International  Boundary 4 

Red  lake 1172 

Lake  Itasca 14S4 

LakePemfdJI 1355 

Cass  lake 1300-1302 

Lake  Wl  n  nebagosb  Ish,  formerly, 

1290-1293;  as  raised  by  dam  of 

reservoir  system 1298 

Bow  String  lake,  bead  of  the 

Bow  String  river  (or  Big  Fork 

of  Rainy  river) 1321 

Ball  Club  lake 1281 

Baas  lake. 1 27C 

Leech  lake,  formerly  1293-1295; 

aa  raised  by  dam  of  reservoir 

system 1297 

Kabecona  lake 1302 

Pokeframa  lake,  fonnerty  1271; 

as  raised  by  dam  of  reservoir 

system 1275 

+Tlieae  altitudes  Irom  Bed  lake  to  Vermilion  lake,  iDcIustTe.  are  from  levelling, 
moetlj  b;  ivllniad  Burveya.  bet  alooE  tlie  upper  Mlwlsalppl  hj  United  States 
euKfneen  tor  the  system  of  i«aervolrB.  and,  Id  tbe  caae  of  lake  Ittuoa,  by  J.  V. 
Brower.  OomralBaloDer  ol  the  Itaaca  State  Park  (to  wbow  published  altitude  sereD 
feet  nre  here  added,  as  reqolred  by  tbe  corrected  elevation  of  Che  Oreat  Nortbero 
railway  at  Park  Baplds). 

•ProDi  leTBllIng  for  this  Survey  In  1808,  by  L.  A.  Ogaard  aod  C.  S.  Oraot.  Tbe 
altitudes  of  Trout  and  Burnt-aide  lakes,  and  of  others  following,  when  not 
spoolally  Indicated,  are  from  barometrlo  readings  bjProf.N.H.  Wlnchell.  Dr.  D.  S. 
Grant  and  Mr.  A.  H.  Blftnian.  referred  to  sea  level  approximately  by  comparliOD 
with  the  highia  ascertained  by  levelllug. 

tFrom  surveys  (or  extension  o(  tbe  Dulutb  i  Iron  Range  railroad. 


Sandy  lake,  formerly  1211;  pro- 
posed highest  flowage  by  dam 

of  reservoir  system 1 220 

Hille  Lbcs,  low  and  hl^h  water, 

1249-1254;  mean 12S1 

Cross  and  White  Fish  lakes,  as 
raised  by  dam    of    reservoir 

system 1231 

Maximum  capacity  of  (hisdam. 1236 

Little  Boy  lake 1309 

Wabadolake 1312 

Woman  and  Girl  lakes 1324 

Ten  Mile  lake 1378 

Fourteen  Mile  lake 1375 

Crow  Wing  take,  at  tbe  head 

of  Crow  Wing  river 1390 

EitCbth  or  Prairie   lake,  Crow 

Wing  river 1385 

Seventh,  Sixth  aod  Fifth  lakes 
of  this  river, respectively  1382, 
1379  and  1378. 

Elbow  lake 1426 

Long  lake,  Hubbard  county  ...1364 

Sylvan  lake 1201 

Lower  and  Upper  Gull  lakes,  as 

flowed  by  dam 1200 

Lake  Hubert 1199 

Long  lake.  Crow  Wing  county 

1198-1200 

Pelican  lake. CrowWing  county. 1211 

Embarras  lakes 1380-1353 

Vermilion  lake 1357-13«> 

Trout  lake,  close  north  of  last, 

about 1370 

Burnt-side  lake,  also  about ....  1370 

Long  lake,"  Ely 1337 

Fall  lake- 1313 

Newton  lake*. 1307 

Garden  or  Eve  laket 1384 

Farm  lake 1386 

White  Iron  lake 1395 
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Feet. 

Birch  lake 1410 

Slate  lake  (T.  flO,  R.  10) 1640 

Greenwood  lake  (T.  58.  BL 10).  .1705 

Seven  Beaver  take 16T5 

Gabbro  lake 1464 

Bald  Eagle  lake 1468 

Lake  Isabelle 15~0 

Snowbank  laket 1424 

Wilder  lake 1540 

Lake  Alice 1544 

Thomas  lake 1534 

Fraser  lake 1536 

Kekequablc  lake" 14B7 

Syenite  lake  (T.  62,  R.  6  W.).-l""7 

Lake  Polly  (T.  63,  R.  6  W. )  -  ■  -  - 1617 

Little  Sa#anaga  take* 1600 

Gabemlchlgama  lake* 1587 

OgUhke  Muncie  lake* 1488 

Sea  Gult  take 1440 

West  Sea  Gull  lake 1455 

Lake  Ida  Belle* 1793 

KiskadlDoa  lake* 1767 

Mayhew  and  Iron  lakes* 1853 

Loon  lake* 1745 

BniWlake*. 1851 

Wlnchell  lake* 1910 

Gaskanas  lake* 1878 

Meeds  lake* 1879 

Lake  Abita,  probably  tbe  btgb- 
est  in  tbe  state,  on  tbe  south- 
era  slope  of  Br uH  mountain*. 2048 

Devil's  Track  lake* 1636 

RiVBBS. 

Mi39is»ippi  river. 

Note.— See  lakes  Itaaca.Femid]!, 
Case,  and  Winnebagosbish,  In  the 
preceding  list. 
Bead  and    foot  of   Pokegania 

falls,  as  raised  by  dam. .  1275-1264 
Head  and  loot  of  &raDd  rapids, 

1  mile  long 1253-1248 

Mouth  of  Split  Hand  river 1236 

Mouth  of  Swan  river 1226 

'From  levelling  for  tbls  Survey  In  1893.  by  L,  A.  Osanrd  and  C.  9.  Grsnt. 
The  altitudes  of  Trout  »nd  Burnt-side  lakes,  and  ot  otbera  following,  when  not 
■peclallj  iodloated.  are  from  barometric  readings  ■)/  Prof.  N.  H.  Wlnchell-  Dr.  U.  S. 
Grunt  and  Mr.  A.  H.  Elftman.  referred  to  sea  level  approxlmaMly  by  oonmarlaon 
with  the  higbta  ascertained  by  levelling. 

tFronf  surveys  tor  extension  of  the  ^uluth  ft  Iron  Bange  railroad. 


Mouth  of  Sandy  river,  low  and 
high  water 1210-1224 

At  Altkto,  tow  and  higb  water 
1190-1200 

Mouth  of  Pine  river,  ordlnao' 
low  stage 1177 

At  Bice  lake,  two  miles  north- 
east of  Bralaerd,held  by  dam. 11*2 

At  Brainerd,  low  and  high 
water .* 1150-116: 

Mouth  of  Crow  Wing  river,  low 
and  high  water 1145-1163 

At  Little  Falls,  above  and  be- 
low the  dam 109B-1079 

At  St.  Cloud,  above  and  below 
the  dam 975-900 

At  Minneapolis,  above  and  be- 
low St.  Anthony's  falls. . . .  794-738 

At  St.  Paul,  low  and  high  water 
683-702 

Crow  Wing  river  an4  itt  Inbutariti. 

KOTB.— The  bights  of  Crow  Wing 
and  lower  lakes,  forming  a  series 
on  the  head  stream  of  the  Crow 
Wing  river,  are  given  on  page  23. 

The  survey  of  the  Great  North- 
ern railway  branch  to  Park  Rapids 
supplies  the  following  altitudes  of 
tributaries  of  the  Crow  Wtng  river 
at  tbe  bridges  of  this  railway; 

Leaf  river 1293 

Blueberry  river 1U2 

Shell  river 1379 

Straight  river 1402 

Fish-hook  river 1484 

Crow  Wing  river  at  Motley.. ..1208 
Junction  of  Crow  Wing  river 

with  the  Mississippi,  low  and 

high  water 1146-1163 

St.  Louis  river  and  tia  tributariee. 
Embarras  river  at  bridge  of  the 
D.  &  I.  R.  railroad 1410 
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Lakes  of  tbis  river,  extendtng 
fo  a  series  about  12  miles, 
where  it  passes  through  the 
Giant's  {or  MesabI)  range  and 
Bonthward 1380-1353 

Cloquet  iWer  at  bridge  of  the 
D.  it  I.  B.  railroad HT9 

Small  lakes  forming  the  head 
of  the  St-  Louis  river,  Id  the 
west  part  of  T,  59,  E.  11  W., 
about 1686 

GipansloQ  of  this  river  Id  Seven 
Beaver  lake 1676 

St.  IjouIs  river  at  bridge  of  the 
D.  S;  I.E.  railroad 1584 

At  bridge  of  the  D.,  H.  &  K. 
railway 1300 

At  mouth  of  Floodwood  and 
East  Savanna  rlvece 1234 

At  Stony  Brook  Junction 1211 

AtCtoquet,headofrapldsabiive 
Knife  falls 1178 

Foot  or  Knife  falls 1160 

At  bridge  of  the  D.  &  W.  rail- 
road  iiao 

Top  of  dam  atTbomsoo.about.lOlO 
At  bridge  of  the  St.  F.  &,  D.  rail- 
road, close  below  the  last.  Ion 

and  high  water 997-lffiO 

At  Food  du  Lac,  level  with  lake 
Superior,  about  seven  miles 
east  of  Thomson 602 

HtLLs  AND  Mountains. 

Sigbest  point  ou  the  road  from 
Brainerd  to  Leech  lake,  about 
seven  miles  south  of  the  In- 
dian Agencj 1500 

Summit  of  ridge  southwest  of 
Pokegama  lake,  in  the  south 
part  of  T.  54,  B.  28,  the  high- 
est point  in  Itasca  countr-  -  ■ .  1617 

Poquodenaw  mountain,  sec.  25, 
T.  52,  R.  26,  the  highest  hill 
in  Aitkin  county,  about 1525 


Feet. 

Hills  Id  sees.  26  and  28,  T.  SO,  R. 
17,  about  four  miles  northeast 
and  three  miles  V.  N.  E.  from 
Ylrginla,  forming  the  highest 
land  in  St.  Louis  county,  re- 
spectively, about.. .  .2025  and  2160 

Summits  of  the  Olaut'a  [or 
UeeabI)  range,  in  T.  59,  B. 
16,  a  few  miles  north  of 
'Blwablk 1800-1900 

Summits  of  this  range  near 
Hinsdale,  where  it  Is  crossed, 
In  a  gap,  by  the  D.  &  I.  R. 
railroad 1850-1950 

Hill  close  north  of  Tower 
(South  ridge),  about 1660 

Soudan  hilt  (North  ridge),  one 
mile  northeast  from  the  last, 
about 1600 

Jasper  peak,  2i  miles  east  of 
Tower,  about 1650 

BIdge  close  southeast  of  Syenite 
lake,  in  the  east  part  of  T.  62, 
B.  6  W.,  probably  the  highest 
in  Lake  county,  about.. 210(^2200 

Hisquah  hills.  Cook  county,  the 
highest  in  Minnesota,  in  the 
south  edge  of  Ts.  64,  Bs.  1 
and  2W.,  comprising  several 
summits  about  2200  feet  above 
the  aea  along  a  distance  of 
eight  miles  from  east  to  west, 
with  their  highest  point 
about  a  half  mile  southeast 
from  the  eastend  of  Wlnchell 
lake,  determined  taylevelllng.2230 

Brule  mountain  (T.  63,  B.  1, 
W.),  by  levelling 2170 

Top  of  bluffs  (600  to  700  feet 
above  lake  Superior)  close 
north  of  Duluth 1200-1300 

Sawteeth  mountains,  near  the 
shore  of  lake  Superior,  from 
Temperance  river  and  Carl- 
ton's peak  to  Grand  Marais 
1300-1700 
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II.   GEOLOGY. 

In  the  areas  assigned  to  me  for  geologic  mapping  and  re- 
port, namely,  Aitkin  and  Cass  counties,  and  the  northwestern 
part  of  Grow  Wing  county,  the  tracts  covered  by  the  several 
varieties  of  the  glacial  and  modified  drift  have  been  delineated 
approximately.  The  few  and  small  outcrops  of  the  bed-rocks 
have  also  been  shown  on  the  maps;  but,  in  a  region  so  almost 
universally  drift- covered,  it  is  impossible  to  trace  with  cer- 
tainty, or  perhaps  even  with  demonstrable  probability,  the 
•  limits  of  these  Archean  and  Taconic  formations.  Under  many 
portions  of  the  drift-sheet  here  Cretaceous  beds,  though  not 
observed  in  outcrops,  are  doubtless  still  thinly  represented  in 
place.  On  a  map  of  the  formations  underlying  the  drift,  the 
northwestern  part  of  Cass  county  is  best  shown  as  Cretaceous, 
and  this  may  also  extend  eastward  through  Aitkin  county;  for 
it  is  known  that  much  of  the  drift  of  these  counties  has  been 
derived  from  contiguous  and  underlying  Cretaceous  shales  by 
glacial  erosion. 

SKETCH  OF  RESULTS  OF  GEOLOGICAL  WORK. 

I.    ABCHEAN  OUTOBOPS  IN  AITKIN  AND  0A88  COUNTIES. 

A  considerable  trsrct  in  the  southeastern  part  of  Aitkin 
county  is  probably  occupied  by  Archean  rocks,  '■iKfhich  extend 
thence  east  and  south  into  Pine  and  Kanabec  counties.  Be- 
tween the  Snake  river  and  Cowan's  brook,  in  the  south  edge  of 
Aitkin  comity,  the  glacial  drift  in  the  S.  E.  ^  of  sec.  84,  T.  43, 
R.  23,  has  in  some  places  very  plentiful  blocks  of  a  fine- 
grained, gray  granite,  containg  black  mica.  This  Archean 
formation  is  doubtless  the  bed-rock  there  at  a  little  depth  be- 
low the  surface.  Within  a  mile  southwestward,  and  thence  for 
nearly  three  miles  down  the  Snake  river,  past  its  Upper  and 
Lower  falls  in  northern  Kanabec  county,  Archean  granites, 
schists,  and  gneiss,  have  many  and  extensive  outcrops. 

In  the  most  southwestern  township  {T.  134,  R.  32)  of  Cass 
county,  the  east  half  of  sec.  28,  about  five  miles  northwest  from 
Motley,  comprises  an  area  of  frequently  outcropping  horn- 
blendic  granite,  extending  a  half  mile  from  south  to  north, 
with  a  width  of  twenty  to  forty  rods.  These  rock  exposures 
rise  five  to  eight  feet  above  the  adjoining  general  surface  of 
moderately  undulating  drift,  being  twenty  to  forty  feet  above 
the  Crow  Wing  river,  which  lies  about  three-fourths  of  a  mile 
to  the  southwest.     Two  wide  dikes  of  dark,  tough  diabase  in- 
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tersect  the  granite,  following  the  course  of  nearly  vertical 
joint  planes.  In  the  Eleventh  Annual  Report  (pages  87,  88), 
these  rocks  are  described  in  detail,  and  a  figure  is  given  show- 
ing a  part  of  oae  of  the  dikes,  with  narrow  branches  running 
from  it.  Some  portions  of  this  granite  may  be  found  valuable 
for  quarrying,  which,  though  several  times  contemplated,  has 
not  yet  been  undertaken. 

II.    QUABTZYTE  AND  DIABASE  IN  AITKIN  COrNTY. 

Quartzyte  forms  a  slightly  projecting  point  of  the  north- 
western shore  of  Dam  lake,  bear  the  center  of  the  west  half  of 
sec.  35,  Kimberly  (T.  47,  K.  25),  abont  three  miles  south  from 
Kimberly  station  and  eleven  miles  east  of  Aitkin.  Its  outcrop 
has  a  length  of  about  250  feet  along  the  shore  and  varies  in 
width  from  15  to  50  or  60  feet,  rising  to  a  hight  of  four  or  five 
feet  atiove  the  lake.  Through  all  its  extent  the  rock  is  much 
fractured  into  ^parate  boulder-like  masses  from  one  nr  two 
feet  up  to  ten  or  rarely  twelve  feet  in  diameter,  lying  in  close 
contact,  with  only  very  scanty  foreign  drift  boulders  of  gran- 
itic, trappean,  and  other  crystalline  rocks  such  as  abound  in 
the  drift  of  all  this  district,  and  even  in  the  immediate  vicinity 
of  the  outcrop.  Boulders  of  the  quartzyte,  however,  are  very 
rare  in  the  drift,  and  the  great  abundance  of  its  masses  at  this 
locality  shows  unquestionably  that  it  is  here  the  bed-rock, 
although  no  compact  ledge  is  seen.  The  shattered  condition 
of  its  whole  observable  extent  seems  probably  attributable  to 
preglacial  weathering  of  the  rock  at  and  near  this  place  to 
form  low  cliffs  with  many  boulders  due  to  gradual  disintegra- 
tion along  crevices  and  joint  planes.  During  the  Glacial 
period  some  or  perhaps  all  of  these  quartzyte  masses  may 
have  been  transported  short  distauces,  but  the  very  small  pro- 
portion of  boulders  of  other  rocks  mingled  with  the  quartzyte 
indicates  that  its  blocks  are  in  or  near  their  preglacial  position. 

In  its  original  condition  this  rock  was  a  sandstone  of  well- 
rounded  white  quartz  grains  mostly  from  a  thirtieth  to  a 
tenth  of  an  inch  in  diameter.  The  spaces  between  the  grains 
have  become  filled  with  similar  white  quartz,  and  the  rock  is 
now  a  very  compact  light  gray  quartzyte,  varying  rarely  in 
superficial  portions  to  a  partially  reddish  color  where  iron  per- 
oxide coats  the  sand  grains  and  stains  the  interstitial  quartz. 

Apparently  the  most  probable  hypothesis  that  we  can 
assume,  in  attempting  to  correlate  this  Aitkin  county  quartzyte 
with  the  stratigraphic  sequence  of  rock  formations  ascertained 
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elsewhere  la  all  the  surrounding  country.  Is  to  suppose  it  to  be 
a  part  of  some  area,  very  probably  a  belt  having  a  general 
east-northeast  to  west-southwest  extension,  of  the  Pewabic 
formation,  which  is  regarded  as  the  basal  member  of  the 
Taconic  series.  There  may  be,  according  to  this  hypothesis,  a 
wide  and  shallow  synclinal  trough  of  the  quartzyte  with  its 
northern  border  on  the  southern  slope  of  the  Giant's  (or 
Mesabi)  range,  with  western  continuation  to  Pokegama  falls 
on  the  Mississippi,  and  its  southern  rim  represented  by  the 
locality  here  described.  The  dip  and  strike  of  the  strata, 
however,  were  not  determinable  in  this  place,  since  no  distinct 
lines  of  bedding  were  observed  in  any  of  these  quartzyte 
masses;  and  their  irregular  forms,  although  evidently  due  to 
joint  structure,  indicate  that  the  formation  here  is  not  trav- 
ersed by  any  regular  systems  of  parallel  and  intersecting 
joints. 

About  three  miles  southwest  from  this  exposure  of  quartzyte, 
two  outcrops  of  nearly  black,  rather  coarse-grained,  very  hard 
and  tough  diabase  occur  in  the  S.  W.  i  of  sec.  9,  T.  46,  R.  25, 
within  about  a  fourth  of  a  mile  west  from  the  south  end  of 
Long  lake  and  some  20  or  25  feet  above  it.  A  foot  trail  leading 
from  Rabbit  lake  northeasterly  to  Dam  lake  passes  over  the 
western  and  larger  outcrop,  which 'has  a  smooth  and  somewhat 
flat  extent  of  about  100  feet  from  southwest  to  northeast,  with 
a  maximum  width  of  30  feet,  rising  only  one  to  two  feet  above 
the  general  surface  of  the  glacial  drift.  This  trap  rock  shows 
no  traces  of  flow  or  shear  structure,  nor  any  noteworthy  varia- 
tion in  the  degree  of  coarseness  of  its  crystalline  texture, 
throughout  its  visible  area.  It  oelongs  doubtless  to  the  central 
portion  of  a  dike  of  undetermined  but  probably  not  very  great 
width,  whose  borders  and  contact  with  the  country  rock  on 
each  side,  presumably  quartzyte,  are  hidden  by  the  drift. 

The  course  of  the  dike  is  probably  from  southwest  to  north- 
east, for  a  second  exposure  of  the  same  rock  is  found  at  a  dis- 
tance of  about  twenty  rods  farther  northeast,  divided  from  the 
foregoing  by  a  slight  depression  of  five  feet  in  which  there  is 
a  grove  of  several  large  poplars'.  The  length  of  this  outcrop 
is  about  30  feet,  also  trending  northeastward,  and  its  width  15 
feet.  Both  outcrops  are  cut  in  many  directions  by  numerous 
joints,  nearly  vertical  or  steeply  inclined,  among  which  no 
prevailing  system  is  observable.  Slight  weathering  of  these 
rock  surfaces  has  removed  their  glacial  striation;but  the  diabase 
appears  to  have  been  more  durable  to  resist  decay  than  the 
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enclosing  strata  of  the  country  rock,  for  which  reason  the  dike 
remains  with  a  greater  hight  and  projects  through  the  drift 
sheet.  A  wooded  hill  of  the  drift  rises  within  a  distance  of 
about  a  quarter  of  a  mile  northeastward  to  a  hight  of  40  feet 
or  more  above  the  trap  outcrops,  which  lie  in.  a  tract  having 
only  bushes  and  scattering  small  trees.  An  examination  for  a 
considerable  distance  around  failed  to  discover  other  rock  ex- 
posures, but  very  probably  some  of  small  extent  will  be  found 
if  the  land  should  be  cleared  for  cultivation  or  pasturage. 

The  time  of  the  volcanic  or  more  deeply  seated  plutonic  in- 
trusion of  the  trap  rock  here  cannot  be  definitely  stated.  Quite 
probably  it  may  have  been  contemporaneous  with  the  intrusive 
laccolitic  sills  of  diabase  in  the  Animikie  and  Keweenawan  (or 
Nipigon)  sedimentary  formations  on  the  northwest  coast  of 
Lake  Superior.  Dr.  A.  C.  Lawson  concludes  that  those  trap 
sheets  and  dikes,  mostly  similar  to  the  diabase  in  Aitkin 
county,  are  of  some  undetermined  age  subsequent  to  the  Ke- 
w^eenawan  period,  which  was  in  the  later  part  of  the  Taconic  or 
Algbnkian  era.*  They  may  belong,  however,  to  a  very  late 
sta^e  of  this  era,  before  its  greet  upper  series  of  detrital  and 
volcanic  rocks  was  completed. 

lit.  EVIDENCE  OF  OBETAOEOOS  BEDS  UNDERLYING  THE  DRIFT. 

Although  no  outcrops  or  natural  exposures  of  Cretaceous 
strata  have  been  found  in  Aitkin  and  Cass  counties,  it  seems 
highly  probable  that  shales  of  this  age  remain  in  many  places, 
perhaps  upon  the  greater  part  of  this  area,  beneath  the  drift. 
Fifteen  years  ago  Prof.  N.  H.  Winchell  wrote: 

A.  line  drawn  from  the  west  eod  of  HuQters'  Islaod,  oa  the  CanadlaD 
boundary  line,  southward  to  Minneapolis,  and  Ihenco  souiheastwardly 
tbrough  Bocbesterto  the  Iowa  state  line,  would,  [n  general,  separate 
tbat  part  of  the  state  in  which  the  Cretaceous  U  not  known  toexlatfrom 
tbat  iQ  which  it  does.  It  Is  not  here  iDtendfd  to  convey  the  idea  that 
tbe  whole  state  west  of  this  line  is  spread  over  with  the  Cretaceous,  be- 
cause there  are  man;  places  where  the  drift  lies  directly  on  the  Silurian 
or  earlier  rocks;  but  throughout  this  part  ot  tbe  slate  the  Cretaceous 
exists  at  least  In  patches,  and  perhaps  once  existed  continuously.! 

This  opinion  has  been  well  confirmed  by  the  subsequent 
work  of  this  Survey,  and  notably  by  Mr.  H.  V.  Winchell's 
recent  discoveries  of  Cretaceous  shales  at  several  places  35  to 
45  miles  northeast  of  Aitkin  county,  along  the  elevated  Mesabi 
range.t    The  Cretaceous  marine  submergence  of  this  region 

•BulletiD  No.  8.  or  this  Survey. 

+Bulle(in  ot  the  Minnesota  Academy  ot  Natural  Sciences,  vol.  I.  p.  34«. 

tAm.  OeolosUl,  vol.  ilL  pp.  Hn-SSa,  Oct..  ISaS. 
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appears  thus  to  have  extended  eastward  at  least  to  the  present 
site  of  lake  Superior.  A  large  part  of  the  clay  of  the  glacial 
drift  here  was  doubtless  derived  by  erosion  from  Cretaceous 
shales,  and  their  calcareous  matter  supplied  to  the  drift  may 
principally  account  for  its  small  amount  held  in  solution  by 
wells  and  springs  in  these  counties,  making  their  water  some- 
what "hard"  and  unfit  for  washing  with  soap. 

On  the  site  of  the  Sandy  lake  dam  an  excavation  about  ten 
feet  square,  made  in  the  summer  of  1893,  encountered  in  the 
modified  drift,  at  a  level  a  few  feet  below  the  river  bed,  a 
gravel  layer  enclosing  abundant  water- worn  and  partially 
rounded  lumps  of  lignite.  These  masses  vary  in  size  from 
one  or  two  inches  to  six  inches  or  more  in  length,  and  are 
mostly  flattened  in  parallelism  with  their  bedding  planes.  It 
was  estimated  by  Mr.  Archibald  Johnson,  in  chaise  of  the 
construction  of  the  dam,  that  about  two  bushels  of  lignite 
fragments  were  thrown  oat  from  this  small  excavation.  They 
are  of  quality  similar  to  the  lignite  coal  found  in  thin  layers 
enclosed  in  Cretaceous  shales  near  Richmond,  Ft.  Bidgely. 
and  Bedwood  Falls  in  Minnesota,  and  to  the  thicker  Cretaceous 
lignite  beds  which  are  mined  on  the  Souris  or  Mouse  river  and 
west  of  Bismarck  in  North  Dakota.  Small  fragments  of 
lignite  are  found  very  rarely  in  the  till  of  all  the  western  two- 
thirds  of  Minnesota,  including  Aitkin  county,  in  which  Sandy 
lake  is  situated;  and  gravel  layers  in  wells  near  Aitkin  occa- 
sionally contain  smoothly  rounded  pebbles  of  very  compact, 
nearly  black,  carbonaceous  shale,  somewhat  resembling  graph- 
ite. Occurring  so  plentifully  at  Sandy  lake,  this  lignite 
gravel  must  have  been  derived  from  the  erosion  of  some  layer 
of  lignite  in  Cretaceous  shales  not  far  distant  northward  or 
northeastward. 

Only  very  scanty  Cretaceous  shale  gravel,  however,  is  found 
in  the  till  and  in  nearly  all  the  modified  drift  of  this  region. 
The  greater  part  of  the  Cretaceous  beds  here  may  be  too  soft 
to  yield  pebbles,  the  product  of  their  glacial  erosion  being 
principally  an  indistinguishable  part  of  the  fine  rock  flour  or 
clay  in  the  till.  The  lignite  fragments  at  Sandy  lake  are  not 
sufScient,  according  to  the  opinion  of  the  writer,  to  indicate 
the  existence  of  workable  layers  of  lignite;  for  they  more  prob- 
ably came  from  thin  seams  like  those  known  elsewhere  in  Min- 
nesota, which  are  mostly  about  one  foot  or  less  in  thickness 
and  nowhere  exceed  three  or  four  feet,  being  inadequate  for 
profitable  mining.    Little  or  no  encouragement  can  be  given 
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to  prospecting  in  this  thickly  drift- covered  region  with  the 
hope  of  finding  valuable  beds  of  this  brown  coal. 

IV.    GLACrAL  DRIFT  ANU  MOBAINES. 
(Happed  In  Plate  I.  lacing  page  18.  at  the  beglolagot  thlsab&[iter.) 

Nearly  all  of  Minnesota  is  covered  by  a  mantle  of  drift  that 
averages  from  100  to  150  feet  in  thickness,  almost  everywhere 
concealing  the  bed-rocks,  which  generally  had  been  subaSriaUy 
eroded  in  preglacial  times  to  an  approximately  fiat  or  only 
moderately  hilly  surface.  Small  knobs  and  hills  of  rock  which 
bad  been  spared  by  the  preglacial  erosion  were  doubtless  in 
many  places  worn  down  and  levelled  by  the  ice-sheet,  and  its 
drift  was  filled  into  the  preglacial  valleys,  so  that  the  contour 
of  the  drift-enveloped  country  is  now  more  uniform  than  it  was 
bef  ure  the  Ice  age.  But  on  certain  belts  the  drift  was  left  in  hills 
and  ridges,  accumulated  along  the  margin  of  the  ice  where  it 
paused  or  somewhat  re^vanced,  apparently  because  of  secular 
fluctuations  of  climatic  conditions,  at  successive  stages  which 
interrupted  its  general  retreat  during  the  closing  part  of  the 
Glacial  period.  Numerous  belts  extending  across  areas  which 
have  a  nearly  plane  surface  of  the  underlying  rocks  are  thus 
occupied  by  drift  amassed  in  prominent  hills.  Upon  the  greater 
part  of  Minnesota  the  only  htlls  are  formed  of  this  morainic 
drift,  ranging  in  hight  commonly  from  25  to  75  or  100  feet,  but 
occasionally  attaining  much  greater  altitude,  as  in  the  Leaf 
hills,  which  rise  from  100  to  350  feet  above  the  moderately , 
undulating  country  on  each  side.  These  characters  of  the 
bed-rock  contour,  and  of  the  overlying  drift  surface,  prevail 
through  (3ass,  Crow  Wing,  and  Aitkin  counties,  and  the  region 
thence  north  to  the  international  boundary,  as  also  upon  most 
of  the  area  eastward  to  the  sources  of  the  St.  Louis,  Whiteface, 
and  Cloquet  rivers. 

^^  Farther  northeastward,  a  region  of  comparatively  scanty 
drift,  with  plentiful  rock  outcrops,  begins  upon  Rainy  lake. 
Net,  Pelican,  and  Vermilion  lakes,  in  the  Giant's  or  Mesabi 
range  (a  high  granite  ridge),  and  along  the  bold  highland 
which  forms  all  the  northwestern  shore  of  lake  Superior.  This 
region,  reaching  thence  northward  and  eastward  into  Canada, 
presents  very  remarkable  contrasts  with  the  other  and  far 
greater  portion  of  Minnesota  before  described;  for  it  has  fre- 
quent steep  rock  hills  100  to  200  or  300  feet  above  the  neigh- 
boring lakes  and  streams,  and  its  drift  averages  probably  only 
from  10  feet  or  less  to  25  or  50  feet  in  thickness,  often  giving, 
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even  on  the  lowlands,  ample  opportunities  for  examination  of 
the  older  geologic  formations,  and  for  accurate  tracing  of  their 
iiouDdaries.  Yet  this  hilly  and  rocky  district  is  quite  surely 
less  uneven  than  before  its  glaciation,  which  in  general  tended 
to  reduce  the  hights  of  the  hills  and  to  fill  the  hollows  with 
drift,  or  to  bar  them  with  drift  accumulations  whereby  most  of 
the  very  abundant  lakes  of  the  district  are  partially  enclosed. 
In  many  instances  it  may  be  shown  here  that  glacial  erosiou 
produced  rock  basins  that  are  filled  by  lakes;  but  more  com- 
monly some  part  of  the  lake  shores  consists  of  drift  wtiose 
removal  would  open  avenues  through  which  the  water  could 
mostly  or  wholly  flow  away. 

Transportation  of  Boulders. 

The  boulders  of  the  drift  in  northeastern  Minnesota  have  been 
mostly  transported  toward  the  west,  southwest,  and  south,  from 
their  parent  ledges.  In  the  northwestern  part  of  the  state, 
however,  the  glacial  currents  flowed  and  carried  their  boulders 
from  the  Silurian  limestone  region  of  lakes  Winnipeg  and  Man- 
itoba, and  from  the  Archean  gneiss  and  granitic  rocks  east  and 
north  of  lake  Winnipeg,  sonthward  and  southeastward  into 
western  and  southern  Minnesota,  and  thence  continued  across 
Iowa  to  the  drift  boundary  in  Missouri  and  northeastern  Kansas. 
These  two  fanlike  outflows  from  the  farther  north  and  thicker 
central  portions  of  the  Icesheet  were  confluent,  pushing 
against  and  uniting  with  each  other  from  the  northeast  and 
northwest,  along  a  belt  which  extends  southward  from  near 
the  mouth  of  Rainy  lake  and  Winnebagoshisb  and  Leech  lakes 
to  the  vicinity  of  Brainerd  and  to  Minneapolis,  coinciding  ap- 
proximately, for  this  distance  of  about  250  miles,  with  the 
courses  of  the  Big  Pork  (or  Bow  String)  and  Mississippi  rivers. 

Throughout  the  district  of  this  field  work  and  reporb  the 
drift  is  mainly  derived  from  the  rock  formations  outcropping 
and  underlying  it  within  distances  from  a  few  miles  up  to  fifty 
miles  in  the  directions  whence  the  glacial  outflow  advanced. 
Upon  an  area  of  gabbro,  or  of  granite  or  schists,  or  slate,  or 
other  rock,  and  for  some  miles  onward,  many  of  the  boulders, 
large  and  small,  and  much  of  the  gravel  in  the  till  and  modified 
drift,  consist  of  the  same  kind  of  rock.  The  glacially  eroded 
grist  comprises  frequent  boulders  up  to  5  feet  in  diameter, 
usually  very  few  up  to  10  feet,  and  exceedingly  rare  blocks  of 
larger  size,  excepting  near  to  prominent  and  favorably  jointed 
rock  outcrops.    A  much  larger  proportion  of  the  drift  occurs 
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as  small  boulders  and  fragments,  gravel,  sand,  and  rock  floor,  ^ 
the  fine  delritas  making  nearly  everywhere  the  far  greater 
part  of  the  whole  mass. 

Oaly  where  rock  formations  of  restricted  area  have  peculiar 
characters  by  which  their  boulders  can  be  identified  with  cer- 
tainty, as  distinct  from  all  similar  boulders  supplied  by  other 
formabioas  and  districts,  is  it  possible  to  affirm  positively  the 
distance  of  their  transportation.  Thus,  we  find  rarely  in  Big 
Stone  and  Otter  Tail  counties,  of  western  Minnesota,  granite 
boulders  with  included  fragments  of  hornblende  schist,*  like 
much  of  the  granite  forming  the  Giant'sor  Mesabi  range,  which 
was  probably  their  source.  These  boulders  appear  to  have 
been  carried  about  200  miles  southwest  and  west- southwest.  A 
mass  of  native  copper  weighing  more  than  thirty  pounds,  found 
in  Lucas  county,  southern  Iowa,t  had  been  doubtless  borne  by 
the  currents  of  the  ice- sheet  about  600  miles,  from  the  present 
copper  mining  region  south  of  lake  Superior,  or  from  Isle  Boy- 
ale,  first  southwestward  and  then  southward  through  eastern 
and  southern  Minnesota,  passing  west  of  the  Wisconsin  drift- 
less  area. 

The  farihest  known  transportation  of  rock-fragments  in  the 
drift,  recorded  in  part  by  Dr.  Robert  Bell,  of  the  Canadian  Geo- 
logical Survey,  whose  observations  are  supplemented  by  my 
own,  is  from  James  bay  southwest  to  North  Dakota  and  Minne- 
sota.    The  rock  thus  recognized  is  a  "dark  grey,  granular, 

siliceous  felsite  or  greywacke characterized  by  round 

spots,  from  the  size  of  a  pea  to  that  of  a  cricket  ball  or  larger, 
of  a  lighter  color  than  the  rest  of  the  rock,  which  weather  out 
into  pits  of  the  same  form."  It  occurs  in  situ,  as  reported  by  - 
Dr.  Bell,  on  Long  island,  off  Cape  Jones,  on  the  east  coast  of 
Hudson  bay,  where  it  is  narrowed  to  form  James  bay,  having 
there  a  southwestward  Strike,  and  probably  continuing  under 
the  sea  for  some  distance  in  that  direction.  He  notes  that  the 
abandance  of  pebbles  and  boulders  of  this  rock  is  the  most  re- 
markable feature  of  the  drift  on  the  west  coast  of  James  bay 
and  along  the  Attawapishkat,  Albany  and  Kenogami  rivers, 
and  that  its  fragments  have  been  found  by  him  as  far  west  as 
Lonely  lake,  and  southward  to  lake  Superior.!  Farther  to  the 
southwest  and  south  I  have  observed  fragments  of  it,  usually 

•  Final  RetWTt,  vol.  1,  p.  aZB;  vol.  11.  p.  SSI. 
■*  C.  A.  While,  deologs  of  Iowa,.  IBTO,  toI.  I.  p.  06. 

;aeol-»atlN&t.  Hist.  Satvey  of  Canada.  Annual  Report,  newserieg,  vol.  II,  lor  IBM, 
1>.360;  oompareBepoTtof  ProKrasB  torlSTS-TU,  pp.  S2,£}0. 
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i  only  a  few  inches,  but  in  some  instances,  a  foot  or  more  in 
diameter,  occurring  very  rarely  in  the  drift  in  the  northeastertj 
part  of  North  Dakota,  where  the  largest  piece  ever  found  by 
me  was  about  thirty  miles  south  of  the  international  boundary 
and  fifty  miles  west  of  the  Red  river,  and  at  numerous  localities 
in  Minnesota,  where  it  extends  at  least  as  far  south  as  Steele 
county,  seventy  five  miles  south  of  St.  Paul,  and  a  thousand 
miles  southwest  of  its  oatcrop  north  of  James  bay. 

GLACIAL  STRLE. 
While  the  most  distantly  derived  boulders  of  the  drift  bear 
testimony  of  the  sum  of  all  the  movements  of  the  glacial  cur- 
rents, during  the  entire  Ice  age,  upon  the  area  across  which  they 
came,  it  is  to  be  remarked  that  the  glacial  striee,  or  furrows 
and  scratches  on  the  bed  rocks  engraved  by  boulders,  pebbles, 
and  sand  grains  frozen  in  the  base  of  the  moving  ice-sheet 
record  only  the  course  of  the  latest  glacial  current  there,  ex- 
cepting such  striated  rock  surfaces  as  became  drift-covered 
and  thus  protected  from  the  latest  ice  abrasion.  Probably  the 
average  glacial  erosion  of  our  rock  surface,  for  different  parts 
of  Minnesota,  varies  from  10  or  20  feet  to  50  or  100  feet  or  more, 
approaching,  but  not  generally  equalling,  the  depth  of  the 
drift.  Nearly  all  of  the  striae  produced  during  the  early  aod 
-  middle  portions  of  the  G-lacial  period  have  therefore  been 
erased  and  their  places  taken  by  the  later  markings.  Even 
where  one  set  of  striae  was  protected  by  a  drift  covering  until 
a  considerably  divergent  set  was  engraved  on  adjacent  parts 
of  the  same  ledge,  as  has  been  observed  at  some  localities  in 
.  southwestern  Minnesota,*  and  in  many  places  near  Duluth, 
noted  in  the  following  table,  it  is  far  more  probable  that  both 
belong  to  successive  late  stages  of  the  glaciation  than  that  aay 
long  fraction  of  the  Ice  age  intervened.  When  several  courses 
intersect  each  other  on  the  same  rock  surface,  differing  30^ 
60°,  or  even  90°,  in  their  extremes  of  defiection,  as  in  numerous 
instances  near  Carlton,  Thomson  and  Duluth,  these  varia 
tions  seem  referable  to  the  closing  scene  of  the  glacial  re- 
treat when  the  ice  border,  irregularly  indented  in  its  process 
of  melting  and  consequently  having  sudden  and  great  deflec- 
tions of  its  marginal  currents,  was  being  withdrawn  across 
these  striated  rock  exposures. 
Generally  outcrops  that  have  been  long  exposed  to  the  disin- 
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te^ating  action  of  the  weather,  having  been  undoubtedly  ia 
many  instances  bare  ever  since  the  departure  of  the  ice-sheet, 
sbow  few  remnartts,  or  only  here  and  there  faint  traces,  of 
their  originally  abundant  striae.  These  long  weathered  rock 
surfaces  have  suffered  a  slight  loss,  estimated  to  vary  com- 
monly from  a  sixteenth  of  an  inch  or  less  to  a  half  inch  or 
sometimes  more,  worn  away,  with  the  delicate  glacial  strise,  by* 
the  rains  of  many  centuries,  while  yet  the  planed  or  rounded 
forms  of  the  ledges  due  to  their  glaclation  are  unchanged. 
That  so  little  subaiirial  erosion  has  taken  place  since  the  end  of 
the  Ice  age  is  a  sure  evidence  of  the  geological  brevity  of  this 
Postglacial  or  Recent  period,  agreeing  with  the  conclusion 
reached  by  Prof.  N.  H.  Winchell  from  his  investigations  con- 
cerning the  rate  of  recession  of  the  Falls  of  St  Anthony,  by 
which  he  estimated  the  length  of  postglacial  time  to  be  about 
8,000  years,  t 

Wherever  the  ledges  have  been  cxivered  by  drift  and  so  pro- 
tected from  weathering,  they  retain  their  glacial  marks  in  per- 
fection; and  on  tracts  of  plentiful  rock  outcrops,  such  striated 
surfaces  are  frequently  exposed  by  excavations  for  streets,  cel- 
lars, etc.,  and  by  the  removal  of  the  drift  on  the  borders  of 
quarries.  Though  most  of  the  striee  of  naturally  exposed 
ledges  have  become  effaced,  usually  a  caroful  search  will  de- 
tect some  portions  where  they  remain;  and  occasionally,  even 
on  surfaces  evidently  exposed  during  all  the  Postglacial  period, 
the  striation  is  still  very  distinct  upon  spaces  10  to  20  feet  or 
more  in  extent. 

CoursM  of  Olacial  Stria  in  norrlhiMstern.  Minnesota, 
referred  to  the  true  or  astronomic  meridian. 

From  notes  bt  Col.  Charles        otter  Track  lake S.  W, 

WifrrxTRRRv*  Kaite  lake S.  4b°  W. 

Vermliion  lake S.  15°  W.      Sucker  lake S.  W. 

^aod  Points  lake S.  66°  W.     Basswood  lake.  Northeast  cape 

Namekan  lake,  also S.  55°  W S.  15°  W. 

Balay  lake S.  W.'to  8.  75"  W,      Ima  lake,  north  shore 

Bid  fork  of  Rainy  river  at  "a  S.  36°  W.  and  S.  23°  W. 

fall  of  six  feet  over  irappoae  Island  In  Thomas  lake — S.  25°  W. 

rock,"  estimated  82  miles  by  Sec.  II,  T.  04,  B.  7  W S.  30°  W. 

the  stream  from  its  mouth  Delta  lake,  sec.  28,  T.  65,  R.  6,. 

N.80°  W S.  25°  W. 

.Sec.  30,  T.  63,  B.  8 S.  8°  E. 

FROM  MOTBS  BY  PROif.  H.    H.      See.  35,  T.  63,  R.  9 S.  12°  W. 

WiNcnRLi,,  informer  annual  re-     Sec.  27,  T.  63,  R.  10 S.16°W. 

ix>rts  of  this  survey.  Birch  lake.  .S.  12  'W.  and  S.  22°  W. 
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TermllioQ  lake,  twenty  locali- 
ties  S.  n°-24°W., 

abd  three  other  localities  .... 
S.  28°  W.,S.  10°  W.  audS. 

Pike  river,  tributary  to  Vermll- 

ioD  lake,  two  places : 

S.  10°  and  20°  W. 

Duluth W.  8.  W. 

Prairie  river,  lower  falls,  sec.  34, 

•  T.  56,R.25W S.  10°  E. 

From  notes  by  Mb.  Horace  V. 
WiNCHELL,  in  tbe  Sixteenth  and 
Seventeen tb  Annual  EeportBof  this 
Survey. 
Little  fork  of  Rainy  river.  Ave 

localities S- 10°-42°  W. 

Rainy  river,  3i  miles  below  Ft. 

Fraocla S.  32°  W. 

Rainy  lake,  nine  localities. 

S.  3-^-U°W. 

North  fall  on  outlet  from  Name- 

kan  lake  to  Rainy  lake.  .S.  30°  W. 
Bow  String  river  [liig    fork  of 

Rainy  river),  probably  in  T. 

63,  B.  26,  iotersecling  strlu;. 

mainly S.  10°  W.  and  S.  aO°E. 

do.,     a    short  distance  above 

the  last,  very  distinct  glacla- 

tlon S.flO°E. 

[or,  more  probably — N.  60°  W.] 
Deer  river,  at  dam  about  a  half 

mileatx)ve  its  Junction  with 

the  Big  fork,  probably  in  T. 

62,  R.  as S.  80°E.  lodueE. 

[or,  N.  80°  W.  to  due  W.] 

Big   fork,    about  three   uiiles 

above    the    mouth  of   Deer 

river Due  E. 

[or  more  probably,  W.] 

do..  In  or   near  sec.  35,  T.  150, 

R.  25 S.  52°  E.  [or  N.  62°  "W.] 

The  cause  of  the  foregoing  re- 
markable deflections  will  be  con- 
sidered on  a  following  page. 
Net  lake,  in  the  Bois  Fort  In- 
dian Reservation... .S.  2CF-24°  W. 
Pelican  lake,  mostly  in  Ts.  64 

and  65,  R.  20,  four  localities 

S.21''-36°  W. 

Elbow  lake,  T.  64,  R.  18,  two 

localities.  .S,  26°  W.and  S.  28°  W. 
Trout  lake,  horth  of  Vermilion 

lake,  two  localities 

S.  16°  W.  and  S.  36°  W. 

Summit  of  the  Giant's  range  at 

Hinsdale S.  22°  W. 

i5<w.  32,T-60,  R.  13,about..S.  S.  W. 
Sec.  35.  T.  61,  R.  12,  south  of 

BIrcb  lake,  about. .  .S.  12°-30°  W. 
Sec.  10,  T.  61,  R.  8,  south  of  En- 
sign lake S.  24°  W. 


Sec.  27,  T.  64,  R.  8,  northeast 

end  of  Disappointment  lake.. 

S.34»W. 

Sec.  38,  T.  62,  R.  fi,  south  of  Uke 

Isabelle S.  Si'W, 

Sec.  15,T.5S,R.  H,  southwest  of 

Crooked  lake S.  ff"  W. 

Froh  notes  by  Dr.  U   S.  Grant, 


IT.  W.  i  of  sec.  27,  T.  65.  R.  2  W., 
north  shore  of  lake  Louise. . . 
S.  Ifi"  W. 

S.  E.  i  of  sec.  28,  T.  65,  B.  2 
W. ,  north  shore  of  lake  Emma 

N.  W.'  i  or''sec.'35,'T.  65,  R.'g 

W.,  north  shore  of  No-name 

lake _ S.  2°W. 

S.  W.  i,  sec.  10,  T.  63,  E.  3  W-, 

reef  In  BruW  lake S.  18°  W. 

S.  E.  i.  sec.  20.  T.  65,  R,  4,  north 

shoreofa  small  lake S.4°E. 

N.  W.  i,  sec.  13.T.  61,  R.6.S.28°W. 
N.  R  i,  sec.  3,  T.  65,  B.  6,  on  an 

island S.50°  W. 

K.  E.  i,  sec.  7,  T.  65,  R.  6,  Island 

in  Amoeba  lake S.  30°  W. 

S.  W.  i,  sec  35,  T.  66,  R.  6.  norlb 

end  of  Island  In  lake  A  vts.S.  30°W. 

From  notbb  by  Pkof.  G.  E.  Cul- 
rsfi,  1893. 

Pokegama     falls, 
river _   .     _ 

Prairie  river.lower  falls.  S.  4°-10°  E. 
On  tne  Bow  String  river(Big  fork 

of  Rainy  river): 

First  rock  outcrop  observed  in 
descending  this  stream.. .S.  6°  E, 
and  nearly  due  E.  [more  prob- 
ably W.] 

"Another  exposure  of  dlorite 
some  Ave  miles  down  the 
stream" . . .  S.  10=  E.  [or  N.  70"  W.] 

Foot  of  Rice  River  rapifls,  on 
the  ''upper  exposure  of  green- 
stone"  S.35°E; 

and  on  its .  second  exposure.  - 
S.  65°E.  [orN.65=W.] 

A  few  miles  below  the  last  ... 
. . . .  S.  70°-80°  E.  [or  N.  70°-80°  W.] 

A  short  distance  farther  down 
the  river    S.70°  E.  [orN.  70°W.] 

About  halfway  between  the 
mouthsof  Rice  and  Deer  rivers 
. .  .S,  70°-8O°  B.  [or  N.  70°-80°  W.] 

An  eighth  of  a  mile  above  the 
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Bock  gorge  of  river.imtieloDg, 
eabimaLed  12  mUeB  below  the 

Little  falls 

S.  5S°-^(f  E.  [or  N.  SS^-TO^WJ 

Big  falla S.  80° B.  [or  N.  80°  W.] 

li  miles  belnw  tbe  mouth  of 
Sturgeon  river  (which  comes 
Id  from  the  west  5  miles  be- 
low the  Big  falls)  S.  a4°  E. 

About  12  miles  below  the  B1({ 
falIs.S.5a°-62=E.  [orN.  58°-62=W.] 

About  25  miles  below  the  Big 
falls,  on  the  lowest  rocic  out~ 
crop  observed  od  the  BIk 
fork S.  44°  W. 

Little  fork  of  Rainy  river,  4 
miles  from  Its  mouth... S.  50°  W. 

Bainy  river,  21  railea  below  Ft. 
Francis S.  40°  W. 

do.,  H  miles  below  Ft.  Francis. 
al-so S.40°  W, 

TT'Sar  the  head  of  Black  bay  of 
Rainy  lake S.  .')a°  W. 

Weatendof  Nan::ekanlake.S.4C°  W. 

Sand  Points  lake.lO  miles  from 
the  mouth  of  the  Vermilion 
liver S.  22"  W. 

Frou  notes  bv  Mr.  W.  H.  C. 
Smith.* 

Near  Sand  Points  lake.  ...S.  28  °W. 

Knife  and  Carp  lakes.. S.  lO^-^S^W., 
averaging  about S.  2.^°  W. 

Otter  Track  (Cypresai  lake  and 
Cache  bay  at  west  end  of  Sag- 

aaagalake S.  10°-28°  W.; 

most  commonly  about.  ,S.  20°  W. 

Sxtreme  limits  of  all  the  ob- 
servations of  glacial  HriiB  on 

Hunters' Island 

S.2°W.  and8.43°W,, 

with  average  general  direc- 
tion about S.20°W. 

Fkom  notks  by  Da.  A.  C.  LAwsoN.t 

Bainy  lake,  east  arm  (upon  the 
international  boundary), from 
Its  east- south  east  eittreraity 
to  Brul^  Narrows,  twenty- 
four  localitlea S.  28'=-73°  W. 

do.,  Bast  arm,  from  Brul^  Nar- 
rows and  the  Seine  river  to 
tbe  mouth  of  the  lake,  forty 
localities S.  2B°-61°W. 

Canadian  portions  of  Rainy 
lake,  with  its  many  bays  and 
several  canoe  routes  north- 
ward, 137  other  recorded  Sn- 
salltes S.  18''-63°W. 


Rainy  river,  Island  four  miles 
above  the  Manitou  rapids.S.  3tt°  W. 

do.,  one  mile  below  the  Long 
Sault,  aod  at  the  first  and 
second  rapids  of  Pine  river, 
three  localities,  alike. ...S.24°W. 

do.,  one  mile  alwve  the  mouih 
of  Rapid  river S.  3B°W. 


Around  the  Lake  of  the  Woods, 
observations  in  about  180  lo- 
calities by  Dr.  LitwBon  and 
assistants,  and  In  about  60  lo- 
calities reported  by  Dr.  Daw- 
sun,  "the  great  majority".  I.e., 

82  percent S.  35°-55''  W.; 

but  13  per  cent.  are.  ,S.  10°-34°  W.; 
and  5  percent,  are..  .S.  56°-83''  W. 
Only  four  localities  showed  cours- 
es more  westerly  than  S  flft"  W.,  as 
follows: 

On  the  southeast  side  of  BItf 
island,  strife  bearing.... S  75°  W. 
intersect  others  bearing. S.  37°  W. 
On  the  west  side  of  Blgsby  is- 
land, which,  like  the  preced- 
ing, lies  near  the  middle  of 
Sand  Hill  lake  (the  southern 
and  largest  part  of  the  Lake 
of  the  Woods),  double  seta  of 
striae  were  observed  In  two 

places,  respectively 

N.  80°  W.  andS.  20°  W. 

and H.83°  W.  and  S,  ;i3°  W. 

On  a  point  projecting  from  the 
Minnesota  shore  in  the  south- 
western part  of    this    Sand 

mil  lake,  striie  bear 

S.  70°  W.  and  65°W., 

with  others.... S.  35°  and  33°  W.; 
also S.  10°  E. 

Notes  by  Wabren  Ufham,  1893. 
Vermilion    lake,    west  part  of 

Pine  island,  S.  W.  i,  sec.  34, 

T.  63,  R.  16,  three  places 

S.  l.'>°-20°  W. 

Tower,  near  the  school   house, 

mostly S,  10°  W. 

with  variation  to.  .S.  and  S.  S.  W. 
A  half  mile  southwest  of  Tower 

...S.  5°  and  15°  B.,  and  S.  10°  W. 

On  the  south  ridge, close  to  Tower: 

AtLee's  mine,  about S.  15°  W, 

Southeast  summit,  also  about- . 

S.  15°  W. 


'"Report  an  the  Oeologj  of  Hunttini'  lalaod  and  adjacent  country." 
Nat.  Hist.  BufTsr  ot  Otknik&n.  Annual  Report,  new  serlefi.  vol.  v.  for  ISM-'W 
-fGeol.  and  Nat.  Hist.  Survey  of  Canada,  Anuual  Report,  vol.  111.  for  IBST-'I 
lOeol.  and  Nat.  Hist.  Survey  ol  Canada.  Annual  Report,  new  aeries,  vol.1 
IBeport  on  thtt  Oeology  nod  Resaurces  ot  the  BceIou  In  tbe  Vicinity  ol 
nlath  Parallel,  troiu  the  Lakeot  the  Woods  lo  the  Rooky  MoiiDtalcs.  ISfs. 
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Southwestern  slope  of  this  hill, 
seTeralplaces,  a.bout  1110  feet 
above  Tower,.  Due  S.-S.  15°  W., 
with  rare  deflected  striae.  S.  10°  K. 

Greenatone  knoll,  i  mile  north- 
east of  Tower  Junction,  be- 
side braDch  railroad  to  Sou- 
dan, mostly S.-S.  5°  W,; 

with  other  course^ 

S.  16°  E.,  S.  20°  W.,  and  S.  35°  W. 

Soudan,  streetcar  depot 

S.  10°-15°  W. 

do.,  southwest  edge  of  vfllatce 
S.  30°  W. 

North  ridge,  close  to  Soudan,  i 
mile  west  of*  summit  and  30 

feet  lower 5.  20°  and  30°  W. 

also,  a  few  stri» S. 

do.,  at  west  end  of  the  old 
open  mine S.I6°W. 

Jasper  peak,  three  places  near 
top.  each  having  two  sets  of 

strlas 

.  .S.  10°-]5°  W.,  and  S.  30°-35°  W. 

Eij,  many  places  on  top  of  bill 
in  Tillage,  two  slightly  vary- 
ing sets   (the   second    most 

abundant) 

...S.  20''-25°  W.,aQdS.  30°-35°  W. 

do.,  4  mite  farther  east,  two 
courses,  both  plentiful,  Inter- 

sectlDg 

....S.  15-20°  W.,  and  S.  45°-60°W. 

Hinsdale,  close  west  of  D.  &  I. 
R.  railroad,  several  places  — 
...S.  10°-20°  W.,  and  S.  25''-30°  W. 

do.,  above  the  old  quarry, 
several  places S.  15°-:;0°  W. 

Nearly  one  mile  northwest  of 
Allen  Junction,  many  strim 

in  two  sets.  Intersecting 

S.  35°  W.,  and  S.  50°  W. 

Allen  Junction,  two  places, 
abundant S.  45°-60°  W. 

About  two  miles  southeast  from 
last S.;«)°-35°  W. 

Close  west  of  railroad  1  mile 
south  of  Little  Cloquet  river 
bridge S.35°  W. 

Rock  cut  60  rods  long,  i  mtle 
north  of  Two  Harbors,  nine 

places,  mostly N.  80°  W.; 

with  variations  to 

W.and  N.70°W. 

Top  of  hill  In  S.  E.  i  of  t^ec.  27, 
T.  53,  R.  11,  U  miles  west  of 
the  last,  at  hight  of  about  500 
feet  above  lake  Superior.  N.  7  5°  W. 

Lighthouse  point,  Ji  mile  south- 
fast  of  Two  Harbors  village, 

two  places 

...N.8a°W.,  and  (mostly)  due  W. 

Lester  Park,  at  east  side  of 
mouth  of  Lester  river,  three 
places,  mostly S.  50°-eo°  W  ; 


also  on  same  rock  surfaces... 
.  .8. 10°  W.,  due  W.,  and  S.  30^  W. 

The  magnetic  needle  Is  deflect«d 
here  to  the  N.  E.  and  E.  N.  E.,  bat 
these  hearings  were  determined  by 
comparison  with  the  trend  of  tbe 
north  coast  of  lake  Superior,  and 
with  the  direction  to  elevators  Id 
Dulutfa,  6to7  miles  distant.  All 
the  followingobservatlonsof  glacial 
striae  In  and  near  Dulutb  likewise 
depend  not  only  on  compass  read- 
ings (corrected  for  average  mag- 
netic variation,  about  10°  east  of 
Dorth),  but  alsoon  the  simultane- 
ously observed  courses  to  prominent 
buildings  or  land  marks  or  to  the 
sun.  The  needle  In  numerous 
places  varied  10°  to  60°  or  more  and  ■ 
occasionally  even  180°  Ipotntlog  to 
the  south  instead  of  north),  on  ac- 
count Of  the  influence  of  the  mag- 
netite-bearing gabbro  of  this  area, 
In  many  other  places,  however,  the 
magnetic  courses  were  nearly  co^ 
reel. 

In  Duluth  and  its  vidnity  (with  fig- 
ures in  parentheses  noting  the  ap- 
proximate hights  In  feeL  above  lake 
Superior): 

East  Superior  street,  east  end  of 
rock  cut  (200),  about  i  mile 
northeast  from  the  Eudlon 
I'Cbool  house  (which  is  at  180 

feet) S.76°W. 

Crest  of  this  cut  (250) A  70°  W. 

i  mlleN.  E.  from  Endiun  school 
house (22S). S.  85°  W.  and  S.  i0° E; 
both  courses  being  represent- 
ed by  long  and  deep,  clearly 
glacial  furrows  on  a  somewhat 
weathered  rock  surface. 
20  rods  north    of    this    school 
house,  at  a  hight  of  nearlySO 
feetariovBit(225)..S.  70°  W.. 
,  .S.  85°  W..  due  W.,  and  N.es"  ff. 
A  few  feet  west  of  last  ("^25),. . , 

S.  80°  W.  and  S.  60=  W. 

Again,  about  5  feet  farther  west 

N.  50°,  55°,  and  6ff=  W. 

60  feet  west  of  last,  on  a  grand- 
ly furrowed    surface  20  feet 

long  (225) S.  75°-8o'  W.; 

with  broad  glacial  grooves  i 
to  i  Inch  deep,  from  which 
any  Intersecting  finer  strife 
that  may  once  have  existed 
are  lost  by  weatberlng. 
About  )3  rods  N.  N.  W.  from 
the  Endlon  school  bouse  (ZOO), 
in  two  places,  mostly.  a80=-86''W.; 
also,  on  the  same  surfaces.  - . .  _ 
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Oq  Woodland  avenue  (490),  about 
i  mile  south  of  the  Hardy 
school  bonse  {wtilcb  Is  at  6tO 
feet). W. 

Near  Buena  Vista  street  (450). 
i  mile  east  of  the  great  bend 
of  Cheater  creek S.  75°  W. 

1*  miles  W.  S.  W.  of  the  Endlon 
school  bouse,  near  Brewery 
creek  (42S),  about  30  rods  east 
of  Piedmont  avenue  bridge.. 
S.85°W. 

15  rods  west  from  the  last,  on 
ledges  In  the  bed  of  this  brook 
(425) .  W.  .W.80°  W..aQd  S-SO^-Sa^W. 

About 6  rodsS.W.  from  tbe  last, 
at  a  small  quarry  (460).. N^  85°  W. 

GxteDsive  smooth  ledges  i  mile 
S.  S.  £.  from  the-last  [i2b), 
mostly  effaced  by  weatberlni 
N.  S5P  W.,  due  w.,  and  S.  m'  W. 

Thence,  on  continuation  of  these 
ledges  i  mile  southward  (400-325), 
distinct  glacial  stris  were  seen  in 
many  places,  occasionally  accom- 
paoied  with  large  "chatter 
marks"  which  are  convex  east- 
ward, respectively  in  order  from 
north  to  south:  (1)  W.;  (2)  N.  15° 
aod  85  "W.;  (3)  N.  80°  W.,  crossed 
by  others  hearings.  20*"  W.,whicb 
curve  within  an  extent  of  four 
Feet  to  a  course  due  S.;  (4|  S.  50° 
W.;  (5)  N.  80°  W.;  (8)  W.,  S.  W„ 
S.,  and  S.  E.,  all  clearly  glacial , 
and  crossing  on  tbe  same  surface; 
(7>  S.  70°  vr.;  (8)  N.  80°  W.,  S.  70° 
W..  8.  60°  W.,  a.  50°  W.  and  curv- 
ing in  two  feet  to  S.  30°  W..  with 
Others  S.  30°  W.  and  curving  in 
six  inches  to  S.  10°  W.,  all  on  a 
space  of  about  four  feet  square, 
Intercrossed;  (B)  S,  70°  W.,  many 
parallel  striae,  crossed  by  a  few 
others,  H.  80°  W.;  (10)  S.  70°  W., 
S.  Vf.  (many),  and  S.  30°  E.,  the 
last  being  surely  glacial  and  ex- 
tending straight  3  to  4  feet, 
rrbts  tract  is  aU)ut  4  tol  mile 
N.  K.  W.  of  the  High  School 
building  (which  is  at  125  feet).] 

On  the  Boulevard  neat  Third 
and  Fourth  avenues  W.  ii 
mile  S.  W.  from  the  forego- 
ing) and  thence  southwest- 
erly to  the  Seventh  avenue 
Inclined  railway,  strise  plenti- 
ful in  many  places  (all  about 

475  feet) S.  50°-60°  W.. 

-with    occasional    deflections 
to : . .  .S.  75°  W.  and  S.  30°  W. 

On  and  near  the  Boulevard  for 
a  half  mile  southwest  from 
the  inclined  railway,  several 


places  (all   about  476  feet), 

mostly S.  50°-B(P  W., 

with  deflections  to 

.  .S.  70°  W.,  S.  85°  W.,  and  due  W. 
Above  the  Boulevard  i  to  1  mile 
N.  E.  from  the  iqclined  rail- 
way, many  places  (525-5501. . . 

30  rods  W.  (655)  from  the  top  of 
this  railway  (which  Is  at  53S 

feet) S.  65°W. 

About  15  rods  S.  W.  (576)  from 

the  last. .S.  80°  W.  and  N.80°  W. 
About  50  rods  W.  (590)  from  the 
top  of  the  inclined  railway  . . 

8.80°  W. 

i  mile  N.  W.  from  this  railvvay 

(590-600)     S.85°W.-W. 

J  to  i  mile  N.  W.  from  the  rail- 
way, three  places  (about  600 

feet),  successively 

(1)  H.  75°-80°  W.;   (2)  N.  75°  W.; 
m  N.  85°  W. 
I  mile  farther  N.W.,  near  High- 
land Park  village  (675).  ,N.  75°  W. 
Piedmont      avenue,      between 
Seventh  and  Eighth  streets 
(375),   extensive   rock   expos- 
ures, with  very  distinct  gla- 
clatlon  In  many  places,  all. . . 

S.  65°-70°  W. 

About  \  mile  west  of  last,  close 
below  the  Boulevard,  on  large 
outcrops  (425),  stris  remain- 
ing In  many  places 

8.  60°,  65°,  70°  and  (rarely)80=  W., 
crossed  In  one  place  by  strlee 
8.  20°  E.,  whlcli  curve  with- 
in 18  inches  to  S.  10°  G.  ^ 
It  Is  noteworthy  that  such  curv- 
ing strl»,  seen  elsewhere  In  twenty 
§  laces  or  more,  are  in  all  cases  de- 
ected  to  more  southward  courses, 
when  traced  forward  as  the  ice  cur- 
rents moved.    At  this  locality  the 
curving  marks  are  rather  broad  and 
deep  gouges,  far  mure  so  than  any 
Of  the  prevailing  W.  S.  W.  8trl». 
Fifth  avenue  W.  (at  bight  of 
about  300  feet),  20  rods  west 
ot  the  Institute  of  the  Sacred 

Heart,  mostly S.  65°-65°  W.; 

crossed  by  a  few  deep  glacial 

furrows  S.  25°  W. 

Lake  shore,  10  to  15  rods  N.  E. 
from  mouth  of  Chester  creek, 
striiB  moatabundant..  .S.  60°  W.; 
also  common,  S.  60°  W.;  with 

a  few  deflections  to 

S.  30°  W.  and  S.  70°  W. 

Lake  shore,  about  30  rods  S.  W. 

from  Chester  creek 

S.  40°  W.,  S.  55°  ff.  and  S.  70°  W. 
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Superior  street  i  mite  N.  E. 
from  tbQ  city  ball  aud  public 
library  <40),   several   places, 

mostly S.  60°  W. 

with  others 

S.  45°  W.,  and  S.  70°-80°  W. 

Michigan  street,  near  Twelfth 
avenue  W.  (50) S.  46°  W. 

do.,  between  Fourteenth    and 

Fifteenth  avenues  (26) 

S.55°-60°W. 

do,  within  i  mile  S.  W.  from 
the  last  (at  hight  of  20-30  feet) 
lo  Garfleld  avenue  (which 
leads  over  Rlce'n  point  to 
West  Superior),  mostly. S.  40°  W. 

but  intersected  by • 

S.  65°  W.  and  due  W. 

In  Wetl  Diiluth. 

At  quarry  about  \  mile  N.  E. 
from  the  Longfellow  school 
house  (75) S.  70°  W. 

10  rods  W.  of  last  (100) 

R.65°-70°  W. 

About  15  rods  farther  W.  H.  W. 
(100) S.68°W. 

tmile  north  of  tbe  foreirolng, 
on  the  D.,  M.  &  N.  railway 
near  Fourth  avenue  W,  (175) 
S.75°-80°W. 

IS  rods  E.  of  last,  at  the  luler- 
section  of  this  railway  and 
State  street  (176).  ..H.  SC-SS"  W. 

In  Carlton  and  Us  vicinity. 

Thomson.  15-20  rods  S-  E.  of 
the  depot N.  S0°  W. 

S  to  6  rods  east  of  the  last 

N.52"-,')5''W. 

About  10  rods  west  of  the 
Thomson  dam N.70°W. 

Beside  the  St.  P.  &  T>.  railroad 
i  mile  west  of  St.  Louis  river, 

cmostly N.  70°W. 

intersected  by 

N.  56°-60°  W.  and  N.  80°  W. 

About  16  rods  west  of  the  last, 

mostly N.  80°  W.; 

with  others,  equally  distinct, 
crossing  on  the  same  surface 
.  .S.  60«  W.,  S.  35°  W.,  S.  10°  W., 
8.  20°  E.  and  S.  30°  E. 

Northeast  edge  of  Carlton  vil- 
lage, on  street  leading  to 
Thomson 51.50°^. 


The  very  prominent  and  pleall- 
ful  slate  outcrops  at  and  nearCari- 
ton,  and  northward  to  Cloqaev 
have  almost  completely  lost  ibdr 
glacial  marks  by  weathering.  Id 
searching  several  hours,  both  at 
Carlton  and  Cloquet,  I  was  unable 
to  find  any  stride  surely  referable  to 
^aclatlon. 

Close  north  of  the  N.  P.  rail- 
road about  1  mile  west  of 
(Carlton,  a  few  glacial  strlee.. 

S.  50°,  55°  and  65°  ff. 

Within  li  miles  southeastward 
from  Carlton  the  N.  P.  railroad  nas 
Ave  rock  cuts,  at  four  of  which  I 
searched  in  vain  for  glacial  marks. 
The  fifth  cut,  however,  about  30 
rods  long  and  15  feet  deep,  li  miles 
from  Carlton,  shows  on  the  recently 
uncovered  slate  of  its  edges  at  SHcb 
Hide  of  the  railroad  very  InterestJDg 

Slaclat  strife,  as  follows; 
In  tbe  southwest  side,  near  the 

northwest  end  of  the  cut 

N,fl6°W.,  andN.  45°W. 

Two  rods  S.  E.  from  the  last, 

plentiful  strliB N,45°W. 

Again,  two  rods  farther  S.E., 

abundant S.  80°  ff. 

Intersected  by 

.  .S.  15°  W.,  due  S.,  and  S.  45°  E, 
each  of  these  courses  being 
represented    by  only  two  or 
three  glacial  gouges. 
About  three  rods  farther  S.  E., 

many  very  clear  stris due  W. 

25  feet  onward  S.  E. .  .S.  85°  W.. 
and  partly  S.  SO"  W.  and  due  ff. 
The  same  westward  strlatioo  is 
also  well  shown  on  this  southwest 
side  of  tbe  cut  In  other  places  with- 
in two  rods  southeastward. 
On  the  northeast  side,  at  the 
crest  of  the  cut,  about  10  rods 
S.  E.  from  the  last,  plentiful 

N.ao"  W.; 

crossed  by  short  glacial  gouges 

S.,S.  20°  E.,  andS.45°B. 

These  cross  markings  are  two  to 
six  Inches  Iodr,  numerous. 
About  26  feet  N.  W.  from  the 
last,  the  well  preserved  main 

Striatlon  la W.-S.  85°  ff ; 

crossed  by  a  few  short  glacial 
marks S.  20°  E.,  and  S.  46°  E. 
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DefieclionM  of  Qlaeial  Currents. 

During  the  time  of  maximum  exteatand  thickness  of  the  ice- 
sheet,  its  currents  doubtless  flowed  southward  upon  all  the 
northem  part  of  Minnesota,  but  with  considerable  variation 
on  one  side  to  the  west  and  on  the  other  to  the  east  of  due 
south.  In  the  region  bordering  lake  Superior,  and  thence 
south  and  southwest  to  the  Mississippi,  the  currents  were 
turned  southwesterly,  for  the  driftless  area  of  "Wisconsin, 
whose  margin  extends  also  into  southeastern  Minnesota,  indi- 
cates that  the  glacial  outflow  from  the  western  part  of  the  lake 
Superior  basin  moved  in  a  curving  course  successively  to  the 
southwest,  south,  and  east  of  south,  in  its  passage  through 
Minnesota.  Uniting  with  this  flow  the  more  western  part  of 
the  ice-sheet  above  the  Manitoba  lake  region  and  the  Bed  river 
valley  moved  nearly  due  south  as  the  axial  portion  of  the  great 
ice-lobe  which  stretched  Etcross  Minnesota  and  Iowa,  becoming 
at  the  culmination  of  the  Glacial  period  confluent  south  of  the 
driftless  area  with  the  ice  that  moved  southwestward  from  the 
region  of  lakes  Michigan,  Huron,  and  Ei;ie.  During  the  depar- 
ture of  the  ice-sheet,  however,  when  its  latest  currents  were 
recorded  by  the  striae  which  remain  for  our  inspection,  the  in- 
equalities in  the  rates  of  melting  of  different  portions  of  the 
retreating  ice  border  shaped  it  often  into  minor  lobes  and  deep 
embayments.  very  unlike  its  outlines  at  the  time  of  greatest 
extent,  and  continually  changing  in  form  as  the  process  of  the 
melting  and  recession  pushed  the  ice  boundary  back.  In  gen- 
eral this  retreat  was  from  south  to  north,  but  the  courses  of 
the  moraine  belts  show  that  on  some  tracts  it  was  from  west 
to  east,  and  less  frequently,  at  least  in  this  state,  from  east  to 
west.  Everywhere  the  outermost  few  miles  of  the  vanishing 
ice-sheet  had  its  currents  turned  strongly  toward  its  boundary, 
since  on  that  side  there  was  a  steep  slope  of  the  ice  surface. 

In  the  vicinity  of  Duluth,  where  the  foregoing  notes  show  an 
unsurpassed  complexity  of  divergent  and  intersecting  glacial 
striae,  we  may  generally  refer  the  courses  between  S.  30°  W. 
and  S.  BO"  "W,,  inclusive,  to  the  main  current  of  the  ice-sheet 
here  previous  to  any  great  deflections  by  the  irregularities  of 
the  final  melting.  Occasionally,  however,  local  southward  de- 
flections were  doubtless  of  much  later  date,  l>eiDg  due  to  inden- 
tations of  perhaps  only  a  few  rods  extent  in  the  retreating  ice 
border.  The  more  common  directions,  ranging  from  S.  70°  W. 
to  W.  and  N,  80*- 70°  W.,  belong  to  the  time  of  glacial  recession 
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and  imply  that  the  withdrawal  of  the  ice  boundary  here  was 
from  west  to  east. 

Similar  westward  deflections  of  the  glacial  currents  crossing 
the  shores  and  islands  of  the  Lake  of  the  Woods  and  on  the 
Big  fork  of  Rainy  river  are  likewise  referable  to  the  closing 
stages  of  the  glaciation.  When  the  ice  was  thickest  and  dar- 
ing its  retreat  nearly  to  this  region,  the  currents  of  ice  flow 
from  the  area  of  Paleozoic  limestones  west  of  the  Lake  of  the 
Woods  and  lake  Winnipeg  passed  south  and  southeast,  carrying 
their  limestone  drift  to  the  mouth  of  Rainy  lake  and  the  basin 
of  the  Big  fork,  becoming  there  or  close  eastward  confluent 
with  the  ice  flow  from  the  north  and  northeast,  which  over- 
spread all  of  the  country  north  of  lake  Superior.  But  during 
the  recession  of  the  ice  the  laving  action  of  lake  Agassiz  ap- 
pears to  have  caused  exceptionally  rapid  melting  along  the 
Red  river  valley  and  upon  the  whole  area  covered  by  this  gla- 
cial lake  east  to  the  Big  fork,  so  that  the  ice  currents  there 
were  shifted  from  southeastward  to  westward  and  even  north- 
westward courses,  being  turned  toward  the  open  and  lower 
lake  expanse.  In  a  former  report,*  I  supposed  these  strise  on 
the  Big  fork  to  represent  an  increasing  eastward  deflection  of 
the  previous  southeasterly  current;  but  it  now  seems  to  me  more 
reasonable,  from  consideration  of  the  courses  of  morunes  and 
of  the  extent  of  lake  Agassiz  in  northern  Minnesota,  to  attrib- 
ute their  deflection  to  the  somewhat  earlier  melting  of  the  ice 
from  the  part  of  the  lake  Agassiz  area  crossed  by  the  Rainy 
river  than  from  the  upper  part  of  the  Big  fork  basin,  whereby 
the  latest  ice  currents  on  the  Deer  river  and  contiguous  parts 
of  the  Big  fork  were  almost  reversed  from  their  former  direc- 
tion. 

The  changes  in  the  directions  of  the  ice-flow  near  Dututh 
were  more  remarkable  in  their  abundant  evidence  by  glacial 
strite  than  I  have  anywhere  else  found;  but  observations  com- 
parable with  these  were  recorded  on  the  quartzyte  ridge  in 
Cottonwood  county,  southwestern  Minnesota,!  and  I  have  seen 
almost  equally  interesting  and  plentiful  deflected  glacial  strix 
in  Somerville,  Mass.J  It  is  also  to  be  noted  that  the  overlap- 
ping of  northeastern  drift  by  northwestern  drift  in  Wright 
county,  Minnesota,  and  thence  eastward  to  the  St  Crois  river 

-Ocal.  &nd  Nat.  Hist.  Surv.  of  Canadu.  ADDoal  Rei>ort,  nen  series,  vol.  It,  for  ISBS-aS, 
pp.  IIU.  130E. 
■Weoloey  of  Minnesota  (Final  Report),  vol.  I,  pp.  OO3-506. 
tProo.,  BoshiD  Soolet?  of  Natural  Hlsiory,  vol.  xxvl,  pp. 31-13,  Uarch  15,  ISU. 
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on  the  boundary  of  Wisconsin,!  proves  for  that  large  district 
during  the  closing  stages  of  the  Glacial  period  a  reversal  of  the 
direction  of  glaci&i  currents  far  more  extended  in  space  and 
time  and. more  important  in  their  deposition  of  drift  than  in 
the  Big  fork  district. 

TILL. 

Unstratified  glacial  drift,  called  till,  or  boulder-clay,  which 
was  laid  down  directly  by  the  ice- sheet  without  modification 
by  water  transportation,  assorting,  and  deposition  in  beds,  occu- 
pies probably  two-thirds,  ora  larger  part,  of  northeastern  Min- 
nesota. It  consists  of  boulders,  gravel,  sand  and  clay,  mingled 
indiscriminately  together  in  a  very  hard  and  compact  forma- 
tion, which  therefore  is  frequently  eaUed  "hardpan."  In  this 
part  of  the  state,  the  boulders  of  the  till  are  usually  so  plenti- 
ful that  they  are  sprinkled  somewhat  numerously  on  its  sur- 
face; yet  there  are  seldom  fnore,  on  the  large  portions  of  the 
country  which  are  adapted  for  agriculture,  than  the  farmer 
needs  to  use,  after  clearing  them  from  his  fields,  for  the  found- 
ations of  buildings  and  for  walling  up  his  cellar  and  well. 
They  are  rarely  abundant  enough  to  make  walls  for  the  en- 
closure of  the  fields,  as  in  New  England. 

Three  kinds  of  till  occur  in  this  region,  each  being  mainly 
restricted  to  its  distinct  geographic  limits;  but  on  the  belts 
containing  their  general  boundaries,  there  is  often  an  over; 
lapping  of  one  on  another,  or  successive  alternations  of  two 
interbedded.  Adjoining  portions  of  the  ice-sheet  have  won 
and  lost  once  or  repeatedly  in  pushing  against  each  other. 

1.  On  the  west,  the  till  brought  by  the  southward  and  south- 
eastward glacial  currents  contains  plentiful  boulders,  not  only 
of  Arehean  and  Taconic  rocks,  but -also  of  the  Paleozoic 
magnesian  limestones  which  are  the  bed-rocks  of  a  large  part 
of  Manitoba. 

2.  Over  the  greater  part  of  the  country  eastward  from  the 
Big  fork,  and  from  Winnebagoshish  and  Leech  lakes,  the  till 
was  derived  from  the  north  and  northeast  and  contains  still 
more  plentiful  Arehean  and  Taconic  boulders,  as  granites, 
gneiss,  schists,  gabbro,  quartzyte,  slate,  etc.,  while  boulders  of 
limestone  are  exceedingly  rare  or  altogether  absent,  their  only 
source  being  Paleozoic  formations  in  the  basin  of  James  and 
Hudson  bays. 
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3.  The  third  kind  of  till  is  that  which  was  brought  hj  the 
ice-flow  from  the  lake  Superior  basin.  It  is  characterized  by 
comparative  scantiness  in  the  supply  of  granite,  gneiss,  crys- 
talline schist  and  gabbro  boulders,  by  the  absence  of  limestone, 
and  by  the  large  proportion  of  fine  detritus  of  dull  reddish 
color  from  the  erosion  of  the  Cambrian  red  sandstones  and 
shales,  and  of  the  partly  sedimentary  and  partly  igneous  Ke- 
weenawan  series,  which  form  the  shores  and  bed  of  lake  Supe- 
rior. This  red  till,  with  few  boulders,  has  its  typical  develop- 
ment about  Duluth  and  Superior,  aad  forms  the  flat  ezpiuise 
which  gradually  rises  from  the  west  end  of  lake  Superior 
along  the  Nemadji  river  and  the  lower  part  of  the  St.  Lonis 
river.  Thence,  with  slow  decrease  of  the  prevailing  deep  red 
ness  of  its  color,  it  extends  northward  to  Biwabik,  westward 
into  the  southeastern  part  of  Aitkin  county,  and  southward  to 
St.  Paul  and  Minneapolis,  though  on  a  large  region  from 
southern  Pine  county  nearly  to  St.  Paul,  it  is  covered,  as  was 
before  noticed,  by  overlapping  northwestern  till. 

Along  the  Duluth&  Iron  Range  railroad  from  Highland  station 
to  the  St.  Lpuis  river,  and  in  the  excavations  for  working  the 
Biwabik  iron  mine,  I  observed  many  very  interesting  sections 
of  alternating  and  often  interb^ded  till  deposits  of  the  second 
and  third  kinds  here  described,  derived  respectively  from  the 
north  or  northeast  and  from  the  basin  of  lake  Superior  on  the  east. 
Plate  n  showrffour  of  these  sections.  Though  found  abundantly 
in  this  belt,  such  alternating  till  accumulations,  attributable  to 
changes  of  glacial  currents,  are  very  rare  in  most  drift-bearing 
regions.  They  here  belong  probably  to  the  time  of  the  final 
recession  of  the  ice- sheet,  when,  as  we  have  seen  by  the  de- 
flected courses  of  striation,  its  currents  were  far  more  liable  to 
changes  than  during  the  previous  time  of  greater  extent  and 
depth,  and  resulting  generally  steady  flow,  of  the  ice.  These 
alternations  of  till  deposition  seem  to  me  well  accordant  with 
the  view  which  I  have  elsewhere  presented,*  that  the  drift 
during  its  transportation  was  englacial,  and  that  its  deposition, 
excepting  on  a  broad  marginal  portion  of  the  drift  sheet,  was 
chiefly  reserved  until  the  time  of  glacial  recession.  Much  of 
the  previously  englacial  drift  app&ars  then  to  have  become 
amassed  beneath  the  ice  as  a  ground  moraine  of  subglacial  till- 
Probably  in  these  sections  no  more  than  1  to  3  feet,  or  at  the 
most  5  to  10  feet,  in  the  latter  case  comprising  the  two  upper 


T,  pp.  71-61,  Jan.  181H. 
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,Coogle 


,Coogle 


STATE  GEOLOGIST.  45 

layers  of  the  till,  can  have  remained  as  englacial  and  finally 
superglacial  drift  when  the  ice  boundary  was  withdrawn  across 
this  area. 

RETREATAL  MORAINES. 
Northeastern  Minnesota  is  crossed  by  several  belts  of  knoUy 
and  hilly  till,  with  far  more  abundant  boulders  than  are  found 
on  its  more  extensive  comparatively  smooth  tracts.  These 
belts  of  somewhat  thicker,  more  rocky,  and  prevailingly  ridged 
drift  were  accumulated  along  the  border  of  the  ice-sheet  dur- 
ing stages  of  halt  or  slight  readvance  iaterrupting  its  general 
retreat  at  the  close  of  the  Glacial  period.  Wherever  the 
vicissitudes  of  the  wavering  climate  caused  the  chiefly  waning 
border  to  remain  nearly  stationary  during  several  years  the 
outflow  of  the  ice  to  its  melting  steep  frontal  slope  brought 
much  drift  which  had  been  englacial  and  on  account  of  the 
ablation  had  largely  become  superglacial,  being  exposed  on 
the  surface  of.  the  departing  ice-sheet.  As  these  marginal  ac- 
cumulations of  drift  record  the  position  of  the  terminal  lioe  of 
the  ice-sheet  when  they  were  formed,  the  name  terminal  mor- 
aines has  been  usually  applied  to  them,  but  they  also  may  be 
called,  perhaps  more  properly,  retreatal  or  recessional  mo- 
raines. 

Ponr  moraine  belts  have  been  traced  in  the  part  of  Minne- 
sota northwest  of  lake  Superior,  and  another,  lying  next  south 
and  formed  before  any  considerable  part  of  the  area  of  this 
lake  was  uncovered  from  the  ice-sheet,  is  also  included  in  the 
following  descriptions.  In  their  order  from  south  to  uorth, 
these  are  the  Fergus  Palls.  Leaf  Hills,  Itasca,  Mesabi,  and 
Vermilion  moraines,  being  the  eighth  to  the  twelfth  and  most 
northern  in  the  series  of  moraines  whose  courses  have  been 
mapped  in  this  state.  A  map  showing  these  moraines,  the  di- 
rections of  glacial  strise,  the  areal  distribution  of  the  glacial 
and  modified  drift,  and  the  extent  of  the  glacial  lake  Agassiz 
in  northern  Minnesota,  forms  Plate  I,  facing  page  18,  at  the 
beginning  of  this  chapter.* 

Fergus  Falls  Moraine. 

A  belt  of  morainic  drift,  chiefly  till  with  many  boulders, 

amassed  in  hills  and  irregular  ridges  50  to  100  feet  above  the 

*0a  a  smaller  scale,  the  ooursea  at  the  moralnos  and  uther  features  ot  the  rLbcIhI 
neniogj  of  the  entire  state  of  Mluaesota  are  mnptied  ]□  Wright's  "Ice  Age  !□  North 
America."  1880,  p.  Wfl.  They  arsahowu  In  detail  for  the  southern  half  of  the  State  by 
the  maps  in  volumes  I  and  II  of  the  Final  Report  of  tblsSurvey.  Many  detaUsof 
ibelr  mapplQ?  and  correlalloii  throughout  the  northern  half  of  Minnesota  remain 
yet  to  be  supplied. 
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intervening  hollows  and  frequent  lakelets,  enters  Aitkin  county 
at  the  northwest  side  of  Mille  Lacs.  Thence  it  extends  with  a 
width  of  five  to  ten  miles  northward  to  Cedar  lake  and  to  the 
lakes  surrounding  Deerwood  in  Crow  Wing  county,  having  in 
this  part  an  unusual  expansion  and  probably  marking  a  north- 
westwardly re-entrant  angle  of  the  ice-border.  Passing  from 
Farm  Island  and  Cedar  lakes  eastward,  the  moraine  has  a  width 
of  about  five  miles.  In  the  southern  part  of  this  hilly  belt  lie 
Hanging  Kettle,  Diamond,  and  Mud  lakes,  the  nortJiern  partof 
Elm  Island  lake,  and  Cranberry,  Rabbit.  Long  and  Dam  lakes. 
At  the  northeast  corner  of  Kimberly  township  the  moraine  has 
a  fine  development  in  many  bouldery  hills  upon  a  width  of  two 
or  three  miles  next  northwest  and  north  of  Portage  lake,  being 
there  crossed  by  the  Northern  Pacific  railroad. 

If  my  correlation  is  correct,  the  vicinity  of  Portage  lake  be- 
longs to  a  second  re-entrant  angle,  with  its  apex  pointing 
northeastward,  from  which  the  moraine,  mostly  less  conspicu- 
ous, turns  back  and  passes  by  the  east  side  of  Dam  lake,  forms 
high  hills  south  of  Sugar  lake,  and  thence  approximately  coin- 
cides with  the  eastern  watershed  of  Mille  Lacs,  until  in  the 
southern  edge  of  Aitkin  county  it  curves  around  to  an  east  and 
northeast  course,  pEkssing  into  Pine  county  as  the  hilly  belt  en- 
closing the  Pine  lakes.  The  series  of  low  drift  hills  thus  traced 
is  provisionally  regarded,  in  the  descriptions  of  its  portions  in 
Crow  Wing  and  Pine  counties*,  as  the  continuation  of  the  Fer- 
gus Falls  moraine,  which  is  the  eighth  of  the  moraines  recog- 
nized and  mapped  in  their  geographic  and  chronologic  succes- 
sion, crossing  the  southern  and  western  part  of  Minnesota. 

In  northwestern  Pine  county  this  moraine  is  well  developed 
from  the  Pine  lakes  northeast  to  the  Kettle  river;  and  farther 
northeastward  I  believe  that  it  is  represented  by  a  belt  of 
somewhat  hilly  drift  extending  along  the  east  side  of  the  Moose 
Horn  river  in  southern  Carlton  county,  through  T.  46,  R.  19. 
and  into  Mahtowa  (T.  47,  R.  18);  but  thence  probably  it  turns 
back  from  a  re-entrant  angle  of  the  ice  front  and  runs  south- 
ward through  T-  46,  R,  16,  and  eastward  past  Oak  and  Net  lakes 
in  the  north  edge  of  Pine  county,  to  cross  the  state  line  nearly 
on  the  watershed  between  the  Nemadji  and  St  Croix  basins. 
A  tract  of  moderately  hilly  till  which  I  observed  one  to  three 
miles  east  of  Barnum,  and  its  extension  southward  by  Bear. 
Banging  Horns,  Moose  Horn,  Long,  and  Moose  lakes,  belong 


•Pln»l  Keport.  toI.  11,  pp.  eOS.  842. 
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to  this  looped  morainic  belt;  and  another  portion,  cM>iisistiDg^ 
partially  of  till  with  a  somewhat  rolling  surface,  but  in  larger 
part  of  low  kame-like  accumulations  of  sand  and  gravel,  is 
crossed  by  the  Great  Northern  railway  in  its  first  three  mites 
southwest  of  Holyoke. 

Such  correlation  of  these  morainic  tracts  seems  to  be  harmo- 
nious with  the  course  of  the  outer  moraines  in  northwestern 
Wisconsin  west  and  north  of  the  driftless  area,  as  mapped  by 
Chamberlin-t  It  also  accords  well  with  the  directions  of  gla- 
cial striae  found  very  abundant  and  distinct  on  thu  plentiful 
rock  outcrops  in  the  vicinity  of  Oarlton,  Thomson,  Duluth,  and 
Two  Harbors,  which,  as  before  noted,  run  prevailingly  west- 
southwestward,  but  in  very  many  places  also  display  wide  de- 
flections to  the  southwest  and  south  and  to  the  west  and  even 
north-northwest.  The  divergent  and  variable  glacial  currents 
by  which  these  striae  were  made  doubtless  belonged  mostly  to 
the  time  of  recession  of  the  ice  border  across  that  district.  We 
thus  learn  that  the  rapidly  wasting  ice  in  its  departure  from 
the  western  end  of  the  lake  Superior  basin  had  a  definitely 
lobate  front  similar  to  the  looped  coarse  assigned  to  this  mo- 
raine in  Aitkin,  Carlton,  and  Pine  counties.  Between  the 
times  of  formation  of  the  eighth  and  ninth  or  Fergus  Falls  and 
Leaf  Hills  moraines,  as  these  names  are  here  used,  the  area  of 
these  extraordinary  divergent  and  often  intersecting  striEo  was 
uncovered  by  the  glacial  retreat. 

Leaf  Hills  Moraine, 

The  next  halt  or  readvance  of  the  chiefly  receding  ice-border 
was  at  the  belt  of  prevailingly  knoUy  and  ridged  and  in  part 
prominently  hilly  drift,  with  many  boulders,  which  extends 
from  the  west  side  of  Gull  lake,  in  southern  Cass  county,  north- 
eastward past  White  Fish  lake  in  northwestern  Crow  Wing 
county,  and  north  of  lake  Washburn  in  eastern  Cass  county,  to 
Hill  or  Poquodenaw  lake  and  "mountain"  (an  especially  prom- 
inent morainic  hill  which  rises  about  250  feet  above  the  sur- 
rounding country),  in  northwestern  Aitkin  county.  This  belt 
is  probably  the  representative  of  the  ninth  or  Leaf  Hills  mo- 
raine, which  in  Otter  Tail  county  is  partially  united  with  the 
Fergus  Falls  moraine,  the  two  together  making  the  conspicu- 
ous Leaf  hills  (or  "mountains,"  as  they  are  commonly  oalled), 
100  to  350  feet  high.  Beyond  Poquodenaw  the  moraine  has  a 
low  and  inconspicuous  development  east-northeasterly  to  the 

to.  8.  Oeol.  Survej,  Tblcd  Ad.  Bap.,  tor  1881-82,  Plates  xxvlll  and  xxxt. 
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Mississippi  river;  but  near  the  east  bank  of  the  river,  about  a 
mile  norch  of  Aitkin  county,  it  again  forms  a  high  hill,  known 
to  lumbermen  and  log-drivers  as  the  "Grub  Pile,"  in  the  south- 
east part  of  sec.  25,  T.  53.  R.  24,  rising  about  200  feet  above 
the  river, 

From  this  hill  as  the  apex  of  a  reeutraut  angle  of  the  ice- 
sheet,  the  moraine  turns  back  and  extendis  nearly  twenty  miles 
southward  to  Sandy  lake.  Along  the  first  siz  miles  of  this 
course  it  is  mainly  covered  by  level  or  only  moderately  undu- 
lating stratified  drift,  but  in  the  south  edge  of  T.  52,  R  23.  it 
rises  very  prominently  in  Bald  bluff,  close  east  of  the  Missis- 
sippi, and  in  a  series  of  Irregular  hills  continuing  thence  east- 
ward through  the  south  part  of  sees.  33  and  34  of  this  township 
and  the  north  edge  of  sees.  4  and  3,  T.  51,  K.  23.  The  crests 
.of  these  hills  are  150  to  200  feet  or  more  above  the  Mississippi, 
and  afford  a  wide  view,  the  Poquodenaw  hill  being  visible 
about  fifteen  miles  distant  on  the  west,  and  the  hills  of  the 
tenth  or  Ilasca  moraine,  bordering  Pokegama  lake,  twenly 
miles  away  at  the  northwest.  Moraine  hills  75  to  150  feet  high 
stretch  from  Bald  bluff  southward  along  the  east  side  of  the 
Mississippi  to  Sandy  lake.  Thence  this  belt,  lower  and  less 
distinct,  consisting  partly  of  kamellke  deposits  of  modified 
drift  and  partly  of  till,  curving  southeastward,  makes  the 
shores  and  islands  of  Sandy  lake  and  bounds  the  northeastern 
arm  of  Rice  lake,  beyond  which  it  passes  eastward  by  Round 
and  Big  Island  lakes  and  through  T.  49,  R.  22,  where  its  low 
swells,  hillocks,  and  ridges  project  only  20  to  40  feet  above  the 
many  tamarack  swamps. 

Eastward  from  Aitkin  county  this  moraine  is  narrowly  and 
scantily  developed  in  the  northwest  corner  of  Carlton  county, 
but  becomes  more  prominent  and  broader  in  the  vicinity  of 
Prairie  lake,  beyond  which,  as  I  am  informed  by  Mr.  J.  E. 
Spurr,  its  hills  and  ridges  occupy  a  width  of  five  to  six  miles 
along  the  south  side  of  the  St.  Louis  river  to  Stony  Brook 
and  Nagonab.  Curving  northward  beyond  the  St.  Louis,  it 
borders  both  sides  of  the  Cloquet  river  for  several  miles,  pass- 
ing northwest  of  Grand  lake.  The  same  belt  probably  contin- 
ues east-northeast  to  a  morainic  tract,  observed  by  Mr.  A  D. 
Meeds,  adjoining  the  Cloquet  river  and  Island  and  Boulder 
lakes  in  the  southern  third  of  T,  53,  R.  14,  and  to  the  narrow 
but  typically  hilly  moraine  which  is  crossed  by  the  Duluth  & 
Iron  Range  railroad  a  mile  north  of  Highland  station.  It  is 
supposed  to  reach  the  north  shore  of  lake  Superior  about  mid- 
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way  between  Dulath  and  Pigeon  point.  Its  course  beyond 
Highland  station,  however,  has  been  definitely  ascertained  for 
only  about  thirty  miles.  Along  this  extent,  passing  east- 
northeast  to  the  middle  of  the  east  side  of  T.  57,  R,  8,  the 
moraine  has  been  mapped  by  Mr.  Arthur  H.  Elfttnan  in  his 
exploration  for  this  Survey  during  the  summer  and  autumn  of 
1893,  who  reports  it  admirably  represented  by  a  belt  of  very 
irregular  drift  hills  from  a  half  mile  to  two  miles  wide,  with 
summits  50  to  75  feet  above  the  laud  on  each  side. 
Itaxca  Moraine. 

Gztending  eastward  from  lake  Itasca,  this  tenth  moraine  at- 
tains a  grand  development  along  the  south  side  of  Leech  lake, 
being  there  about  ten  miles  wide.  In  the  southern  half  of  its 
width  itencloses  Ten  Mile  and  Fourteen  Mile  lakeit,  and  Woman, 
Wabado  and  Little  Boy  lakes.  Thence  it  continues  east-north- 
easterly across  Itasca  county,  where  its  abundant  knolls  and 
hillocks  of  drift,  as  described  by  Prof.  G.  E.  Culver  in  another 
part  of  this  report,  lie  on  the  northern  slope  of  a  high  Creta- 
ceous ridge  in  T.  54,  R.  26,  cover  much  of  the  lower  country 
bordering  the  shores  of  Pokegama  lake  within  the  next  ten 
miles,  occupy  considerable  tracts  a  few  miles  north  and  east  of 
Grand  Rapids  (attaining  a  maximum  altitude  of  300  feet),  and 
reach  from  near  the  falls  of  the  Prairie  river  east- northeast 
past  the  Diamond  iron  mine  and  along  the  watershed  between 
the  Prairie  and  Swan  rivers  to  Hibbing. 

Along  the  next  thirty  miles,  to  the  Emharras  lakes,  Mr. 
Spurr's  descriptions  and  mapping  indicate  that  the  Itasca  and 
Mesabi  moraines  are  united  in  a  belt  mostly  two  to  three  miles 
wide,  which  coincides  closely  with  the  granite  ridge  known  as 
the  Mesabi  or  Giant's  range.  East  of  the  gap  in  this  range 
through  which  the  Emharras  river  flows  (expanding  along  the 
greater  part  of  its  valley  in  a  series  of  beautiful  lakes),  both 
these  moraines  veer  to  the  south  of  the  granite  ridge.  On  the 
Doluth  &  Iron  Range  railroad  the  exceedingly  knolly  and  con- 
fusedly ridged  but  low  belt  of  the  Itasca  moraine,  strewn  with 
a  countless  profusion  of  boulders  of  all  sizes  up  to  ten  feet  in 
diameter,  is  crossed  from  about  a  half  mile  to  two  and  a  half 
mUes  northwest  of  St.  Louis  River  station.  For  observation  of 
the  rough  contour  and  abundant  boulders  which  are  usually  the 
two  chief  characteristics  of  these  retreatal  moraines,  I  know  of 
no  other  more  impressive  view  than  is  seen  here  from  the  pass- 
ing train,  although  none  of  the  elevations  rise  more  than  50  or 
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75  feet  above  the  adjoiniQg  tamarack  swamps  and  the  plentiful 
howl-like  hollows  which  are  enclosed  by  the  moralnic  accumu- 
lations. 

In  Lake  county  the  moraine  varies  from  one  to  two  or  three 
miles  in  width,  and  crosses  ranges  XI  to  VIII  (the  belt  of  Mr. 
Elftman's  exploration  in  1693)  along  the  line  dividing  Ts.  59 
and  60.  His  descriptions  show  that  the  moraine  along  this  ex- 
tent  of  twenty-four  miles  is  typically  developed  in  very  irregu- 
lar low  hills  and  ridges,  mostly  between  50  and  75  feet  in  hight. 
Eight  to  ten  miles  farther  on,  taking  an  east-northeast  course. 
Its  hills  of  drift,  heavily  covered  with  white  pine,  are  reported 
by  Mr.  H.  V.  "Winchell  as  surrounding  lake  Harriet,  at  the  head 
of  the  Isabella  river,  with  ridges  of  very  abundant  boulders 
close  northward.  Its  course  thence  eiistward  to  the  coast  of 
lake  Superior,  which  it  may  reach  in  the  vicinity  of  Grand 
Marais  or  near  the  piouth  of  Brul6  river,  has  not  been  traced. 
JHesabi  Moraine. 

The  most. northwestern  of  the  morainic  tracts  in  Minnesota 
which  are  here  correlated  together  as  the  Mesabi  or  eleventh 
moraine  lies  between  the  south  and  north  divisions  of  Ked  lake 
and  consists  of  a  high  till  ridge,  with  many  boulders,  some  two 
miles  wide  and  extending  about  ten  miles  east  from  the  Nar- 
rows, with  a  continuous  altitude  150  to  200  feet  above  the  lake. 
Forty  to  fifty  miles  southeast  from  this  tract,  lower  drift  hills, 
referred  to  the  same  moraine,  border  the  north  side  of  lake 
Winnebagoshish,  and  reach  thence  southeastward  to  Beer  and 
Bass  lakes,  near  which  they  occasionally  rise  to  bights  of  about 
200  feet  above  the  general  level.  Along  a  distance  of  twenty 
miles  to  the  north  from  the  last  named  lakes.  Prof.  Culver  re- 
ports irregular  groups  and  short  series  of  drift  hills,  mostly 
less  than  100  feet  high,  which  seem  to  represent  the  complex 
accumulations  of  a  reentrant  angle  of  the  ioe-border.  Prom 
Spider,  Trout  and  Wabano  lakes,  this  moraine  passes  eastward, 
and  appears  to  be  merged  with  the  Itasca  moraine  to  form  a 
compound  hilly  belt  along  the  Mesabi  range  from  close  north 
of  Hibbing  to  the  upper  Embarras  lake  northeast  of  Biwabik. 
At  Mesaba  station  on  the  Duluth  &  Iron  Range  railroad,  and 
within  a  mile  southeastward,  this  Mesabi  moraine  comprises 
many  hillocks  and  short  ridges  20  to  40  or  50  feet  high.  Thence 
continuing  northeast,  it  is  represented  by  characteristic  knoUy 
and  hiily  drift  deposits  and  abundant  boulders  on  the  south  side 
of  the  western  part  of  Birch  l%ke.  and  through  the  northern 
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part  of  Ts.  60  in  Rs.  XI  to  VIII,  where  it  is  mapped  by  Mr. 
Elftman,  lying  two  to  five  miles  north  of  the  Itasca  moraine, 
and  occupying:  a  width!  of  one  to  two  miles.  It  probably  comes 
down  to  the  lalte  Superior  shore  about  70  miles  farther  east, 
in  the  Pigeon  Kiver  Indian  reserration,  passing  thence  beneath 
the  lake  level. 

Vermilion  Moraine. 
A  twelfth  moraine,  named  from  Vermilion  lake,  along  whose 
southern  side  it  is  well  exhibited,  as  also  south  of  Pelican  and 
Net  lakes,  was  first  carefully  studied  and  mapped  during  my 
field  work  in  1893.  The  portion  of  its  course  which  I  have 
examined  reaches  about  40  miles,  from  the  west  extremity  of 
.  Vermilion  lake  east-southeast  to  Tower  and  thence  east-north- 
east to  Ely,  In  total,  its  whole  extent  yet  known  is  nearly  75 
miles,  beginning  at  the  west  on  the  south  side  of  Net  lake, 
where  Mr.  C.  L.  Chase,  engaged  during  the  past  summer  in 
government  township  surveys,  reports  a  belt  of  irregularly 
grouped  drift  hills,  50  to  100  feet  high,  with  very  abundant 
boulders.  Next  south  of  Pelican  lake  it  occupies  a  width  of  one 
to  two  miles,  and  it  averages  about  one  mile  wide  in  its  course 
skirting  the  southern  shores  of  Vermilion  lake  for  the  distance 
of  twenty  miles  from  its  west  end  to  Tower.  This  belt  in  most 
portions  is  distinguished  more  by  its  wonderful  profusion  of 
boulders,  ranging  in  size  up  to  5  or  6  feet  and  occasionally  10  or 
15  feet  in  diameter,  than  by  its  large  amount  of  drift  amassed 
in  hillocks  and  ridges.  Its  multitudes  of  boulders  strow  the 
surface  of  the  Tower  town  site,  and  are  conspicuously  piled 
upon  the  southern  slope  of  theihigh  rock  hill  called  the  South 
ridge,  just  north  of  this  town;  but  they  are  absent  from  the  top 
of  this  ridge  and  from  its  northern  slope,  which  are  chiefly 
bare  rock.  Turning  northeasterly  for  the  next  one  and  a  half 
miles,  this  moraine  thinly  caps  the  North  ridge  at  Soudan, 
above  its  iron  mines.  Thence  it  rnns  to  the  east  and  skirts 
the  northern  and  eastern  base  of  Jasper  peak,  which,  like  the 
top  of  the  ridge  near  Tower,  has  almost  no  drift. 

Six  to  ten  mileg  farther  east,  this  belt  is  crossed  by  the  Duluth 
&  Iron  Range  railroEui,  on  which  its  bouldery  drift  knolls  and 
ridges  are  cut  through  in  many  places  within  two  miles  west 
and  an  equal  distance  east  of  Robinson  Lake  station.  At  Ely 
its  boulders  are  very  abundant  in  and  near  the  village.  Less 
than  a  mile  to  the  south,  associated  with  the  morainic  belt,  is 
an  irregular  esker  ridge  of  sand  and  gravel,  often  very  coarse. 

Digitized  byCOOgIC 


52  TWENTY-SECOND  ANNUAL  BEPOBT 

trending  from  west  to  east  and  here  and  there  expanding  into 
small  plateaus,  with  altitudes  mostly  50  to  75  feet  above  the 
railroad  and  iron  mines.  Four  to  seven  miles  east  of  Ely, 
plentiful  low  drift  hills,  with  many  boulders,  were  observed  by 
Mr.  Elf  tmaa  adjoining  the  north  end  of  White  Iron  lake,  south- 
east of  Garden  or  Eve  lake,  and  north  of  Farm  lake.  The  ex- 
tent of  this  belt  beyond  its  limits  as  here  described  remains 
unexplored;  but  it  is  doubtless  traceable  west  at  least  to  fJie 
area  of  lake  Agassiz,  and  much  farther  eastward. 

Although  this  morainic  belt  is  very  distinct  and  certainly 
records  a  nearly  stationary  stage  interrupting  the  retreat  of 
the  ice-sheet,  I  estimate  its  volume  of  drift  added  above  the 
average  of  the  surrounding  region  to  be  only  5  to  10  feet  on  its 
variable  width  of  a  half  mile  to  two  miles.  A  half,  or  at  least 
a  third,  of  this  added  volume  consists  of  boulders  from  six 
inches  to  ten  feet  in  diameter. 

For  the  region  of  Ely  and  Vermilion  lake  I  estimated  the 
volume  of  all  the  drift  thus:  bare  ledges  of  rock,  with  no  drift 
or  too  little  to  be  worth  consideration,  about  a  tenth  of  all  the 
surface;  ledges  thinly  drift  covered,  probably  four-tenths,  with 
an  average  of  about  5  feet  of  drift;  while  the  remaining  half  of 
the  country,  having  diverse  deposits  of  sand  and  gravel,  re- 
treatal  moraines,  or  smoother  tracts  of  till,  may  have  an  aver- 
age depth  of  40  feet  of  drift.  By  this  estimate  the  mean  thick- 
ness of  the  drift  there,  if  uniformly  spread,  would  be  about  22 
feet. 

V.-MODIFIED  DRIFT. 

The  deposits  included  under*  this  title  are  waterworn  and 
stratified  gravel,  sand  and  clay  or  silt,  which  were  washed 
away  from  the  drift  upon  and  beneath  the  retreating  ice- 
sheet  by  the  streams  due  to  its  melting  and  to  accompanying 
rains.  Eames,  eskers,  sand  and  gravel  plateaus  and 
plains,  the  valley  drift  (varying  from  very  coarse  gravel 
to  very  fine  loess  and  clay,  often  eroded  so  that  its  remnants 
form  terraces),  are  the  principal  phases  of  the  modified  drift 
In  being  derived  directly  from  the  ice-sheet,  these  deposits 
had  the  same  origin  as  the  glacial  drift  forming  the  common 
till  and  the  greater  part  of  the  retreatal  moraines;  but  they 
were  modified,  being  separated  from  the  coarser  portions, 
further  pulverized  or  rounded,  and  assorted  in  layers,  by 
water. 
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Eames  and  Eiikera. 

Associated  with  the  till  id  the  moraines,  a  considerable  pftrt 
of  these  accutnulatioiis  of  margiaai  drift  often  consists  of 
irregularly  stratified  gravel  and  sand  in  knolls  and  short,  ir- 
regular ridges,  which  aro  called  kames.  Such  stratified  de- 
posit^are  also  occasionally  found  on  the  general  till  expanse 
between  the  moramic  belts.  In  both  situations  they  are  at- 
tributable to  deposition  by  fsmall  streams  descending  from  the 
melting  surface  of  the  ice-sheet,  being  accumulated  in  the 
short  cafion-like  gorges  which  were  melted  into  the  ice-border 
at  their  mouths.  The  slackening  of  the  steep  and  rapid  de- 
scent of  the  streams  there  emerging  upon  the  land  in  front  of 
the  ice  caused  them  to  deposit  trie  coarser  part  of  their  load 
of  gravel,  sand,  and  clay,  which  was  left  in  these  hillocks  and 
ridges  when  the  enclosing  ice- wails  melted  away. 

Plateaus  of  gravel  and  sand,  deposited  similarly  as  kames 
but  filling  broader  indentations  of  the  retreating  ice-front, 
have  a  considerable  development  in  the  vicinity  of  Sandy  lake, 
with  altitudes  50  to  75  feet  above  tlie  lake  level.  They  also 
occur  west  of  Carlton  and  close  southeast  of  Cloquet,  and  in 
numerous  other  localities.  Within  one  to  two  miles  south  of 
White  Iron  lake,  they  are  described  by  Mr,  Elftman  as  form- 
ing flat  topped  hills  about  100  feet  high. 

Eskers,  which  are  also  the  deposits  of  glacial  streams  but 
differ  from  kames  in  forming  prolonged,  narrow  ridges,  a  half 
mile  to  one  mile  or  i^ometimes  several  or  many  miles  in  extent, 
are  infrequent  in  this  state.  Only  a  few  examples  have  been 
noted  in  the  large  northeastern  region  which  is  here  reported, 
and  none  has  been  traced  along  a  distance  of  more  than  one  or 
two  miles. 

Valley  Dnft  and  Pkans. 

Moderately  undulating  or  nearly  level  tracts  of  sand  and 
gravel,  spread  on  the  land  in  front  of  the  retreating  ice-sheet 
by  streams  which  had  gathered  this  modified  drift  from  the 
melting  ice  surface,  are  found  extensively  developed  in  Wadena, 
Hubbard,  Cass.  Crow  Wing,  and  St.  Louis  counties,  and  to  less 
degree  in  many  other  portions  of  northeastern  Minnesota. 
Areas  reaching  ten  to  twenty  miles  on  each  side  of  the  Crow 
Wing,  Pine,  and  St.  Louis  rivers,  consist  of  these  plains,  often 
bearing  chiefly  jack  pine  {Pinus  banksiana),  but  in  their  more 
rolling  and  ridgy  portions  also  commonly  bearing  the  red  or 
Norway  pine.  Where  these  lands  are  very  moist,  lying  only  a 
few  feet  above  the  stream  courses,  and  especially,  as  in  parts 
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of  the  St.  Louis  basin  described  by  Mr.  Spurr,  where  thin  de- 
posits of  till  are  spread  like  a  veneer  above  the  modified  drift, 
the  larger  and  more  valuable  white  pine  grows.  The  soil  pre- 
ferred by  this  tree,  however,  is  the  till  or  boulder-clay,  whicli 
generally  rises  higher  than  these  areas  of  modified  drift  and 
bears  a  heavy  growth  of  hardwood  (species  of  poplar,birch, 
oak,  elm,  ash,  maple,  bsbsswood,  and  other  deciduous  trees), 
interspersed  with  white  pine,  sometimes  only  seen  here  and 
there  as  scattered  trees,  but  frequently  occurring  in  small  or 
large  groves,  from  a  few  rods  to  several  miles  in  extent. 


If  the  courses  of  the  Fergus  Falls  and  Leaf  Hills  d 
are  rightly  traced  as  noted  in  the  foregoing  pages,  the  earliest 
outlet  from  the  Western  Superior  glacial  lake,  held  by  the  bar- 
rier of  the  waning  ice-sheet  still  occupying  the  central  and 
eastern  part  of  that  lake  basin,  probably  flowed  across  the  di- 
vide between  the  head  streams  of  the  Bois  Brul(5  and  St.  Croix 
rivers,  where  a  remarkable  eroded  channel  is  found.*  The  in- 
dentation of  the  ice-front  north  of  the  Wisconsin  driftless  area 
at  the  time  of  formation  of  the  first  or  Altamont  moraine  points 
decisively  to  the  melting  backward  of  a  great  re  entrant  angle 
in  the  ice  boundary  upon  the  country  between  Duluth  and  Ash- 
land, includlDg  the  place  of  the  Bois  BruM-St,  Croix  outlet,  at 
a  time  previous  to  the  melting  of  the  ice  upon  the  district 
reaching  west  from  that  outlet  to  Aitkin  county.  The  correla- 
tions of  retreatal  moraines  given  here  and  in  the  second  volume 
of  the  Final  Report  imply  the  probable  beginning  of  existence 
of  the  Western  Superior  ice-dammed  lake  between  the  times  of 
formation  of  the  seventh  and  eighth  or  Dovre  and  Fergus  Falls 
moraines.  But  after  the  accumulation  of  th3  latter  and  before 
the  time  of  the  next  or  Leaf  Hills  moraine,  the  ice-melting  in 
the  western  portion  of  the  lake  Superior  basin  and  thence  west 
to  the  Mississippi  river  was  very  rapid,  so  that  the  greater 
part  of  Aitkin  counly,  the  whole  of  Carlton  county,  and  the 
country  from  Duluth  north  to  Grand,  Wild  Rice,  and  Island 
lakes,  and  from  Two  Harbors  north  to  Highland  station,  were 
uncovered  from  the  departing  ice-sheet.  According  to  the 
probable  duration  of  the  glacial  lake  Agassiz,  estimated  to 
have  been  only  about  1,000  yearsf,  in  which  the  stage  between 
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the  Fergus  Falls  and  Leaf  Hills  moraines  was  a  small  fractioQ, 
this  retreat  of  the  ice. from  Aitkin  and  Carlton  counties  and  the 
west  end  of  lake  Superior  appears  to  have  occupied  no  more 
than  a  century  or  perhaps  only  half  a  century. 

The  old  channel  of  outaow  to  the  St.  Croix  riv«r  has  a  width 
of  about  a  fifth  of  a  mile  in  its  narrowest  place.  Its  bed  is 
1,070  feet  above  tfae  sea,  or  468  feet  above  lake  Superior;  and 
it  is  bordered  by  bluffs  about  75  feet  high,  showing  that  when 
the  course  of  outflow  began  here  the  Western  Superior  glacial 
lake  was  about  550  feet  above  the  present  lake  level.  Proba- 
bly the  highest  part  of  the  swamp  now  forming  the  watershed 
in  the  channel  has  been  filled  twenty  to  twenty-five  feet  since 
the  lake  forsook  this  mouth,  which  was  thus  lowered  by  ero- 
sion some  100  feet,  from  1,150  to  1.050  feet,  approximately, 
above  the  present  sea  level.  Beaches  and  deltas  referable  to 
this  glacial  lake  are  found,  as  described  by  Dr.  A.  C  Lawson,* 
in  Duluth  and  its  vicinity  and  on  Mt.  Josephine,  near  Grand 
Portage,  showing  that  the  lake  while  outflowing  to  the  St. 
Croix  had  been  extended,  by  the  recession  of  the  ice-sheet, 
along  all  the  northwestern  shore  of  lake  Superior  in  Minne- 
sota; but  it  may  well  be  doubted  whether  it  continued  far  into 
Canadian  territory.  Before  the  recession  of  the  ice-sheet  had 
uncovered  the  country  about  Port  Arthur  and  farther  east- 
ward, probably  its  departure  from  Wisconsin  and  Michigan 
had  permitted  the  glacial  representatives  of  lakes  Superior  and 
Michigan  to  become  confluent  over  the  low  divide  of  the  Au 
Train  and  Whiteflsh  rivers,  the  latter  of  which  is  tributary  to 
the  Little  bay  de  Noc  The  Western  Superior  glacial  lake, 
suddenly  falling  about  60  feet,  as  is  shown  by  the  hights  of 
successive  beaches  and  deltas,  then  became  merged  in  the  gla- 
cial lake  Warren,t  outflowing  at  Chicago  to  the  Des  Plaines 
and  Illinois  rivers.  J 

Dr.  Lawson,  in  his  report  before  cited,  has  not  discriminated 
between  the  traces  of  the  earlier  lake  outflowing  to   the  St, 

*"Slieteb  of  the  Coastal  Topof^raphy  of  the  Nurth  Side  oC  Lake  Superior,  vlth  Special 
Burereooe  to  the  Abandoned  Si.randa  or  Luko  Warren."  ftllnuesota  Oeol.  Surssy, 
Twentieth  An.  Kep.,  tor  IBSl.  pp.  181-3SB,  with  map.  proflles.and  Bgiirea  iTOia  photo- 

♦Samodby  Prof.J,  W.  Speucer  In  honor  of  Geo.  O.  K.  Warren,  Soienco,  vol.  si,  p.  49, 
Jin.  n,  lg8«;  Proo.  A.  A,  A.  S.,  vol.  ixxvll,  tor  1888,  pp.  19T-19fti  Trans.,  Roy.  Soc.  of 
CiDida.  vol.  rll,  for  1889,  seu.  iv.  p.  1^. 

SFiir  my  former  discussions  of  the  later  stages  of  the  Rlacial  lakes  and  retreat  ot 
the  Ice-sheet  In  the  St.  Law  re  nee  basin,  see  "Glacial  Lakes  tn  Uanada."  Bulletin, 
C(ol.  Soc.  of  America,  vol.  11.  for  leW).  pp.  !l»-;70;  and  "Relatlonshly  of  the  Glacial 
Lukes  Warren.  Alsooquin.  Iroquois  and  Hudaoii-Oliaru plain,"  Ibid.,  vol.  Ill,  tor  1891, 
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Croix  and  those  of  lake  Warren;  but  this  seems  desirable  for 
convenience  and  defioiteness  in  description  and  discussion. 
Many  small  glacial  lakes,  and  a  few  as  here  attaining  large 
size,  became  finally  merged,  by  the  retreat  of  the  ice,  in  the 
single  vast  expanse  of  lake  Warren,  which  stretched  from  Du- 
luth  eastward  and  southeastward  to  the  west  end  of  the  basia 
of  lake  Ontario,  covering  the  whole  or  the  greater  part  of  the 
four  higher  Laurentian  lakes.  In  the  western  part  of  the  lake 
Superior  basin  the  ancient  high  shore  lines,  with  their  eW- 
dences  of  wave  erosion  and  deposition,  belong,  from  bights 
(above  the  present  lake)  of  450  or  475  feet  up  to  607  feet,  the 
highest  observed  by  Dr.  Lawson,  to  the  Western  Superior  lake. 
Below  these  bights,  the  numerous  lower  shores  mark  succes- 
sive stages  of  lake  Warren,  which  were  due*  only  in  very 
slight  measure  to  erosion  of  its  outlet,  but  which  the  present 
writer  confidently  believes  to  have  been  caus^ed  almost  entirely 
by  a  progressive  uplift  of  this  region,  elevating  the  northern 
and  northeastern  parts  of  the  area  of  the  great  glacial  lake, 
while  its  outlet  and  some  southwestern  portions  of  its  area 
remained  with  little  or  no  change  of  bight. 

A  quite  different  view  is  given  by  Dr.  Lawson,  who  thinks 
that  lake  Warren  was  not  held  in  by  the  retreating  ice-sheet, 
but  by  land  barriers,  the  country  on  the  south  and  east  having 
been  relatively  higher  than  now.  and  that  the  differential  sub- 
sidence of  the  land  there  and  contemporaneous  uplifting  of  the 
country  about  Hudson  bay  wen)  forward  without  disturbance 
of  the  horizontality  of  the  old  shore  lines  enclosing  lake  Sup- 
erior. On  the  west,  however,  I  have  ascertained  for  the  south- 
ern half  of  the  area  of  the  glacial  lake  Agassiz,  in  the  basin  of 
the  Eed  river  and  of  lake  Winnipeg,  that  it  experienced  a  dif- 
ferential uplift  increasiDg  about  one  foot  to  the  mile  from  south 
to  north  during  the  departure  of  the  ice-sheet.  On  the  east. 
Mr.  Prank  Leverett  has  demonstrated  that  the  beaches  of  lake 
Warren  south  of  lake  Erie  were  contemporaneous  with  the 
accumulation  of  adjacent  moraines;*  and  the  basin  of  lake 
Iroquois,  the  glacial  expansion  of  lake  Ontario,  according  to 
levelling  by  Gilbert  and  Spencer,  has  been  uplifted  like  thatol 
lake  Agassiz,  but  with  a  greater  northward  ascent  of  the  old 
Iroquois  beach,  amounting  to  five  feet  per  mile  for  fifty  miles 
from  Rome  to  near  Watertown,  N.  Y.  It  seems  therefore  im- 
probable, in  the  first  place,  that  lake  Warren  occupied  a  laod- 


1.  Journ.  at  Science,  lit,  vol.  xllll.  pp.  S81-301,  with  miips.  April, 
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locked  instead  of  an  ice-dammed  basin,  and,  secondly,  that 
these  recent  differential  epeirogenicf  movements  on  each  side 
failed  to  extend  across  the  area  of  "lake  Superior, 

The  great  Pleistocene  lakes  Agassiz,  Warren,  Algonquin, 
and  Iroquois,  were  probably  due  alike  to  the  barrier  of  the 
waning  ice  sheet:  and  their  babins  appear  to  have  shared  in  a 
general  epeirogenic  uplift  of  the  whole  drift-bearing  area  of 
our  continent,  when  it  was  relieved  from  its  ice  burden.  Under 
this  view,  the  highest  shores  at  Dnluth  and  on  Mt.  Josephine 
seem  readily  referable  to  an  ice  dammed  lake  in  the  western 
part  of  the  Superior  basin  outflowing  in  the  eroded  channel  at 
the  head  of  the  St.  Croix  river,  from  which  there  is  an  ascent 
of  about  140  feet  in  a  distance  of  120  miles  northeast  to  the  607 
feet  shore  terrace  noted  by  Lawson  on  Mt  Josephine,  Later, 
for  the  earliest  and  highest  stage  of  lake  Warren,  likewise  ice- 
dammed,  with  outlet  to  the  Mississippi  across  the  low  divide 
at  Chicago,  about  595  feet  above  the  sea,  we  have  now  an  Eis- 
cent  of  420  feet  in  about  350  miles  to  the  highest  shore  found 
by  Lawson  near  the  Sault  Sto.  Marie,  atahightof  414  feet 
above  lake  Superior.  .The  differential  uplifts  thus  indicated 
for  both  of  these  old  lake  shores  are  similar  in  their  vertical 
amount  and  geographic  extent  with  the  fully  known  epeiro- 
genic nplif  t  of  the  lake  Agassiz  area. 

BEACHES. 
The  upper  limit  of  lacustrine  action  in  Duluth  and  its  vicinity 
is  marked  by  discontinuous  beach  deposits  on  the  upper  part  of 
the  steeply  ascending  blufEs  at  an  altitude  of  535  feet  to  540  feet 
above  the  lake.  In  therecess  between  two  projections  of  rock  at 
the  top  of  the  Seventh  Avenue  inclined  railway,  where  the  bight 
of  this  shore  was  determined  by  Dr.  Lawson,it  appears  as  a  small 
terrace  of  sand  and  fine  and  coarse  gravel,  12  to  15  rods  long  and 
about  5  rods  wide.  The  verge  of  its  flat  surface  is  on  the  level 
of  the  railway  station  floor,  and  thence  the  terrace  rises 
four  or  five  feet  to  where  it  adjoins  the  till  and  rock  slopes, 
In  front  the  same  gravel  and  sand  fall  off  about  20  feet  within 
a  few  rods,  and  then  spread  out  again  in  a  similar  lower  and 
longer  terrace,  eight  to  ten  rods  wide,  with  its  surface  gently 
inclining  lakeward  at  515  to  505  feet,  approximately.    These 

fTbc  terms  epetntaeny  and  cpelrootnlc  (contlnent-prodiiclDK.  (nitn  the  Greek  epclroi, 
aniBlnland  or  continent)  are  proposed  by  Mr.  (J.  K.  Glllierl  (In  "Lake  Bonnevtile." 
Mouograph  I,  O.H.Oeol.  Survej,  18B0.  p.»40|.  lo  dcsljtnate  thebroBd  inovementsot  iip- 
liltand  sabaldence  vbJch  nllecl  tbewbole  ar  large  porlloosol  contlneDtal  areas  and 
•it  (he  oceanic  baalnH. 
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deposits  were  brought  partially  by  inflowing  waters  from 
above,  being  so  far  of  delta  character,  and  partially  by  shore 
currents  from  wave  erosioux>f  the  adjoiningbluffs  on  each  side. 
being  for  such  portion  more  strictly  beach  accumtilatioiis. 
They  mark  stages  of  the  Western  Superior  lake  when  its' mean 
levels  here  were  about  535  and  510  or  515  feet  above  lake 
Suiierior. 

Next  below  these  shore  lines  is  the  most  definite  and  persist- 
ent beach  of  the  entire  series,  both  of  the  Western  Superior 
lake  and  the  ensuing  lake  Warren.  This  was  generally  repre- 
sented along  the  bluff  face  by  a  narrow  beach  terrace  or  slight 
shelf,  less  steep  than  the  slopes  below  and  above  it,  so  that  its 
contour  line,  470  to  475  feet  above  the  present  lake,  has  been 
used  as  the  course  of  a  driveway,  known  as  "the  boulevard," 
which  has  been  graded  and  is  much  used  for  pleasure  driving, 
along  an  extent  of  four  miles,  above  the  principal  part  of  the 
city  of  Duluth,  from  Miller's  creek  to  Chester  creek.  Beyond 
these  limits  the  boulevard  is  planned  to  be  extended  for  dis- 
tances of  four  miles  more,  both  to  the  southwest  and  northeast, 
following  the  same  altitude  and  shore  line,  giving  a  total  length 
of  twelve  miles.  Its  hight  is  only  a  few  feet  above  the  water 
divide  in  the  old  channel  of  outflow  from  the  Western  Superior 
lake  to  the  St.  Croix;  but,  if  we  make  due  allowance  for  tbe 
partial  flUing  of  that  channel  with  postglacial  allnvinm  and 
peaty  swamp  deposits,  it  seems  probable  that  this  latest  shore 
of  that  glacial  lake  has  now  an  ascent  of  15  or  20  feet  in  tbe 
distance  of  about  25  miles  from  its  outlet  north-northwest  to 
Duluth.  The  earlier  and  higher  shores  here  were  made  when 
the  erosion  of  the  outlet  kicked  successively  about  65  and  30  or 
35  feet  of  its  final  depth;  but  a  certain  part  of  its  earliest  ero- 
sion had  been  done  before  the  retreat  of  the  ice  extended  the 
lake  to  this  northwest  coast.  These  three  beaches  of  the  Wes- 
tern Superior  lake  may  be  conveniently  designated  as  the  First 
and  Second  Duluth  beaches  and  the  Boulevard  beach. 

Between  the  neighborhood  of  Duluth  and  Mt.  Josephine,  no 
definite  observations  of  the  Western  Superior  glacial  lake  shore 
lines  have  been  obtained,  although  there  can  be  no  doubt  that 
they  extend  continuous  along  this  distance,  which  is  about  130 
miles  in  a  nearly  direct  northeastward  course.  When  the 
woods  of  this  high  coast  shall  be  cleared  off,  as  will  probably 
sometime  be  done  in  many  places  for  fanning  and  pasturage, 
the  beach  levels  will  be  observed,  especially  the  highest  and 
lowest  of  the  three  noted  at  Duluth.     Attempting  to  correlat» 
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these  beacbes  with  those  found  by  Lawsoo  oa  Mt.  Josephine, 
I  identify  the  535  feet  and  510  to  515  feet  Dnluth  shores  as 
respectively  his  607  and  587  feet  shores;  and  the  475  to  470  feet 
beach  of  the  Duluth  boulevard  becomes  apparently  the  con- 
spicuous 509  feet  beach  of  Mt.  Josephine.  The  total  different- 
ial uplifting  of  the  two  upper  shores  between  these  localities 
has  l>een  about  70  feet,  of  which  about  half  had  been  accom- 
plished previous  to  the  time  of  the  Boulevard  beach.  This  pro- 
gressive uplifting  of  the  land  soon  after  the  recession  of  the 
ice,  while  indeed  the  •ice  barrier  yet  remained  in  the  eastern 
part  of  this  lake  basin,  is  in  full  parallelism  with  the  epeirogenic 
movements  which  gave  their  northward  ascents  to  the  beaches 
of  lakes  Agassiz  and  Iroquois,  and,  as  Prof.  J.  W-  Spencer  and 
Mr,  P.  B.  Taylor  have  shown,  to  the  beaches  of  various  por- 
tions of  lakes  Warren  and  Algonquin. 

During  the  past  season's  field  work  I  obtained  numerous 
observations  of  the  beaches  of  the  Western  Superior  lake  near 
Thomson,  and  between  Carlton  and  Wrenshall,  sone  15  miles 
southwest  of  Duluth,  and  in  the  vicinity  of  Holyoke,  a  station 
of  the  Great  Northern  railway,  15  miles  south  of  Carlton.  Near 
Holyoke,  which  is  about  30  miles  west  of  the  outlet  at  the  head 
of  the  Bois  BruU  and  St.  Croix  rivers,  the  successive  lake 
levels  indicated  by  the  beach  ridges  observed  and  provision- 
ally referred  to  the  Western  Superior  lake  are  about  520,  500, 
and  455  feet  above  lake  Superior,  corresponding  well  with  the 
slightly  inclined  planes  of  the  Duluth  and  Mt.  Josephine  shores, 
and  indicating  a  lowest  water  surface  of  about  455  feet  at  the 
outlet 

£ight  beaches  of  lake  Warren,  mostly  on  the  same  levels 
with  its  well  defined  deltas,  were  also  observed  in  the  vicinity 
of  Duluth,  on  the  Northern  Pacific  railroad  from  West  Superior 
to  Wrenshall,  and  on  the  Great  Northern  railway  to  the  vicin- 
ity of  Rhodes'  Mill,  four  miles  northeast  of  Holyoke.  The 
highest  three  of  these  shore  lines  bear  conspicuous  deposits  of 
beach  sand  and  gravel  which  are  cut  by  the  railroad,  the  first 
being  one  and  a  half  miles  southeast  of  Wrenshall,  the  second 
nearly  a  mile  farther  east,  and  the  third  close  west  of  Barker 
station,  about  a  half  mile  east  from  the  last.  The  altitudes  of 
their  crests  at  the  railroad  cuts  are  respectively  427,  401,  and 
361  feet  above  lake  Superior;  and  the  mean  water  levels  of 
lake  Warren  while  these  deposits  were  being  accumulated 
appear  to  have  been  approximately  at  410,  385,  and  350  feet. 
Of  these  the  first,  which  was  the  highest  level  of  lake  Warren, 
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held  during  only  a  very  short  stage,  is  represented  by  the 
fourth  in  the  series  of  deltas  of  Chester  creek  in  Duluth;  and 
the  second  and  third  have  their  representation  in  the  Sfth  of 
those  deltas,  while  apparently  the  second  is  the  Nelson 
beach,  and  the  third  the  McEwen  beach,  of  Mr,  P.  B.  Taylors 
observations  along  the  south  side  of  lake  Superior,  north  of 
lake  Huron,  and  in  the  vicinity  of  lake  Nipiasing.*  The  Nelson 
beach,  generally  marking  the  highest  well  defined  shore  of 
lake  Warren,  is  410  feet  above  lake  Superior  at  Houghton, 
Michigan;  414  feet  near  the  S^ult  Ste.  Marie;  and  538  feet,  or 
1,140  feet  above  the  sea,  near  North  Bay,  lake  Nipissing.  The 
McEwen  beach,  supposed  to  have  been  formed  when  lake  War- 
ren at  Duluth  stood  about  350  feet  above  lake  Superior,  is 
identified  as  the  365  feet  shore  terrace  at  Ste.  Marie,  while 
near  lake  Nipissing  its  hight  from  the  same  plane  Is  488  feet, 
being  1,090  feet  above  the  sea  level.  In  Dr.  Lawson's  series 
of  observations,  the  higher  and  earlier  shore  of  4l0  to  415  feel 
near  Wrenshall  and  at  Duluth  seems  to  be  probably  represented 
by  the  440  to  458  feet  plain  and  terrace  at  Grand  Portage, 
and  by  the  455  feet  terrace  of  an  old  delta  plain  on  the  Katnini- 
stiquia  river;  and  near  lake  Nipissing,  according  to  my  correla- 
tion with  Mr.  Taylor's  notes,  it  is  found  about  1,205  to  1. 2110 
feet  above  the  aeat. 

To  present  concisely  the  results  of  my  studies  of  the  whole 
series  of  lake  shores  observed  by  me  at  and  near  Duluth,  in 
their  probable  correlations  with  the  shores  observed  farther 
eastward  by  Dr.  Lawson,  Mr,  Taylor,  and  Prof.  Spencer.t 
notes  of  the  twelve  lake  levels  found  here  are  successively  pre- 
sented as  follows,  in  descending  order,  their  altitudes  beio^ 
given  in  feet  above  lake  Superior.  On  northern  portions  of 
the  lake  Superior  coast  several  of  these  seem  to  be  each  repre 
sented  by  two  or  more  shores,  separated  by  distinct  vertical 
intervals  of  10  feet  or  more.  Most  of  the  beaches,  it  should  be 
remarked,  are  very  feebly  developed,  even  in  the  most  favora- 
ble situations  for  their  formation,  and  are  not  discernible  ^ong 
the  far  greater  part  of  all  the  lake  borders.  During  all  the 
time  of  uplifting  of  the  basin  and  sinking  of  the  water  surface 
by  its  finding  successively  lower  outlets  and  by  their  erosion 

V.  pp.  aawisa.  with  map*,  April.  IBM,      Am.  Qeolo- 
.d  31S-X2T  aad  a»-3KI.  with  mfcps.  May  and  Juae. 
I.    Am.  Jaur.  act,.  111,  vol.  xlll[.  pp.SlD-SlS.  March.  1892. 

r.  W!  Spencer.  Am,  Jour.  Scl.,  Ill,  rol.  xll.  pp.  12-31.  with  map.  Jan.,  ISDI;  saniEvol.. 
201-211,  with  map,  Unrch.  1801.  Bulletin.  Oeol.  Sac,  of  America,  vol.  IL  p^W-)7I. 
.h  map,  April,  1891. 
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from  higher  to  lower  levels,  whenever  the  dimiDishiDg  lacus- 
trine area  was  nearly  unchanged  for  a  few  years  or  longer,  the 
erosion  and  deposition  effected  by  the  great  waves  of  storms, 
and  the  tribute  of  streams  forming  deltas,  recorded  these  shore 
lines. 

Beaches  of  the  Western  Supbriob  Glacial  Lake, 
First  Diduth  beach:    at  Dulutb,  535  feet  above  lake  Superior;  on  Mt. 

Josephine,  607  feet;  at  Kimball,  Wis.,  570  feet;  at  L'Aose  aad  Mari]uette, 

Micb.,  about  590  feet. 
Second  Dulalk  beach:    at  Duluth,  510  Or  515  teet;  on  Mt.  Josephine,  587 

teet. 
Boulevard  leaeh:  at  Buluth.  470-475  teet;  on  Mt.  Josephine,  609  feet. 

Beaches  of  the  Glacial  Lake  Wabrek. 

Beltnoi-e  beach  (name  given  by  Prof.  N.  H.  Wincbell  to  the  corresponding 
earliest  shore  line  of  lake  Warren*  In  Ohiot):  near  Wrenshatl  and  In  Du- 
lutb, 410415  feet;  at  Grand  PortaKe,  440  feet;  on  the  Kaminlstlqula  river, 
455  feet;  at  Mackenzie,  on  the  Canadian  FaciSc  railway  13  miles  north- 
east of  Port  Arthur,  Dr.  Lawsou's  descriptions  indicate  that  tbis  lake 
level,  at  about  475  feet,  adjoined  the  meltlDg  Ice-sheet  [1.  c,  p.  264); 
eight  miles  east  of  Cartier,  about  600;  southeast  of  lake  Niplsslng,  606-620. 
The  "Ridgeway  beach"  of  Prof.  Spencer. 

NelMn  beach  taamed  by  Taylor  in  the  vicinity  of  North  Bay,  lake  Nipis- 
elng;  probably  united  with  the  Belmore  beach  in  Ohio  and  Dorthward  to 
Mackinac  Island]:  at  Dnluth,  335  feet;  at  Mackenzie,  a  moralnic  terrace, 
420  feet;  at  Jackflsh  bay,  418;  Sault  Ste.  Marie,  414;  Houghton,  410;  North 
Bay,  5;t8.  The  "Aigouqutn  beach"  of  Mr.  Taylor  on  Mackinac  island,  at 
1S5  feet;  near  Petoskey,  about  80  feet;  and  at  Traverse  City,  60  feet.  The 
bights  [likewise  above  lake  Superior)  of  this  shore  about  Green  bay  of 
lake  Michigan  are  noted  by  Mr.  Taylor  as  follows:  at  Green  Bay,  0;  six 
mlleanorthof  Menominee,  30  feet;  South  Bay  bill,  115  feet;  Cook's  Mill, 
.near  the  head  of  Big  bay  de  Noc,  150  feet. 

McEioen  beach  [named  by  Taylor  near  North  Bay):  at  Duluth,  350  teet; 
Scbrelber  and  Terrace  bay,  39 1-2;  Sault  Ste.  Marie,  365;  North  Bay,  488. 

TTiibeauU  beach  (also  named  by  Taylor  near  North  Bay):  Great  Northern 
railway,  about  2i  miles  northeast  of  Foxboro,  290-300 feet;  Mt.  Josephine, 
313;  Mackenzie,  327;  Sault  Ste.  Marie,  311. 

Doutte  Bay  beach:  at  Duluth,  255-26e  feet;  at  Double  bay,  279  feet;  on 
Isle  Boyalel,  about  270;  Carp  river,  28a 

Fira  Beaver  Bay  beach:  at  Duluth,  15-5-160  feet:  at  Beaver  bay,  173  feet; 
eastward  represented  by  two  beaches:— a,  at  Grand  Portage,  232  feet:  at 
Carp  river  and  Fie  Island,  222;  at  Terrace  bay,  243;  at  Sautt  Ste.  Marie, 
3124;  on  the  Keweenaw  peninsula,  220;— 6,  at  Mazokamah,  214;  Terrace  bay, 
228:  Dog  river,  21S;  Sault  Ste.  Marie,  208;  on  the  Keweenaw  peninsula 
(Taylor  and  Lane),  about  200. 

'tProc.  Am.  Assoc.  lor  Adv.  of  Scl..  vol.  xxl,  tor  lS7i,  pp.  1TI-1T9.  Oeology  ot  Olilo.  vol. 
il,  18Tt,pp.H.  4IS.I33. 

(Altitudes  of  this  sad  other  lowei 
Dr.  A.  O.  Lane,  from  unpublished  ol 
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Second  and  Third  Beaver  Bay  beaehet  (becoming  three  northeastward): 
at  Duluth,  85-90  feet;  Beaver  bay,  12Qand  115;  Pigeoa  river  (third),  131; 
Isle  Eoyale,  about  13Q;  shore  above  Carp  river,  164,  138,  and  122;  Port 
Arthur  (third),  U9;  Sliver  Islet,  168,  161,  149;  JackSsh  bay,  1T6,  158:  SsqU 
Ste.  Marie,  ISO;  Keweenaw  peninsula,  170,  160,  145-125  (delta  ol  Hnron 
creek,  A.  C.  Laoe). 

Cheater  Creek  beaeli:  at  Duluth,  45-50  feet;  Beaver  bay,  80;  Isle  Boyale,  90; 
McKellar'a  point,  101;  Port  Arthur,  118;Ntpigon,  132:  Montreal  river,  135; 
Mamainse,  122. 

Beach  of  the  Glacial  Lake  Algonquin. 

Algonquin  bencfc  (named  by  Prof.  Spencer,  in  Proc.  A.  A.  A,  S.,  vol. 
xxKvll,  p  199):  at  Duluth,  united  with  i;he  present  lake  beaches;  at  Beaver 
bay,  20  feet;  Good  Harbor  bay,  27;  Grand  Portage,  38;  McKellar's  point, 
48;  Carp  river,  52;  Pie  Island,  43;  Port  Arthur,  I^ipigon,  and  Montreal 
river,  Ql;  Sault  Stc.  Marie,  49;  Houghton  and  Marquette,  about  23;-neai 
Algoma,  60-80;  near  North  Bay,  on  lake  Niplssing,  140.  The  Nipissing 
beach  of  Mr.  F.  B.  Taylor;  but  uot  his -"Algonquin  beach"  on  Mackinac 
island  (Am.  Jour,  Sci.,  Ill,  vol.  xlili,  pp.  210-218),  which  is  the  highest  of 
the  lake  Warren  shores,  being  apparently  the  compound  representative 
of  the  Belmore  and  Nelson  beaches. 

The  front  of  the  departing  ice-sheet  was  the  barrier  of  the 
Western  Superior  glacial  lake  while  the  one  receded  and  the 
other  advanced  from  Duluth  northeastward  to  Mt.  Josephine 
and  the  most  northeastern  point  of  Minnesota,  and  eastward 
to  Marquette-  When  the  farther  glacial  recession  opened  the 
space  for  this  lake  and  the  similarly  expanding  lake  Warren 
to  be  Qierged  together  above  the  low  land  of  the  eastern  part 
of  the  Michigan  upper  peniueala,  the  Western  Superior  waters 
fell  about  60  feet  below  their  former  outlet  to  the  St.  Croix, 
and  thenceforward  the  outlet  of  lake  Warren  past  Chicago 
carried  away  the  drainage  from  the  glacial  meltiag  and  rainfall  ■ 
of  the  Superior  basin.  At  a  time  that  was  probably  somewhat 
later  than  the  end  of  the  Western  Superior  lake,  its  analogue, 
the  Western  Erie  glacial  lake,  which  had  outSowed  past  Ft. 
Wayne,  Indiana,  to  the  Wabash,  Ohio,  and  Mississppi  rivers. 
became  likewise  lowered  andmerged  in  lake  Warren,  which  in 
its  soon  ensuing  maximum  stage  stretched  from  the  south  end 
of  lake  Michigan  to  the  north  side  of  lake  Superior,  northeast 
to  lake  Nipissing,  and  eastward  to  the  east  end  of  lake  Erie 
and  the  southwestern  limits  of  the  lake  Ontario  basin.  While 
the  outlet  continued  at  Chicago,  all  the  northern  part  of  the  area 
of  lake  Warren,  extending  about  600  miles  from  Duluth  to  lake 
Nipissing,  was  uplifted  hundreds  of  feet. 

The  uplifting  was  approximately  uniform  for  this  entire  ex- 
tent, and  indeed  for  the  whole  width  of  the  Superior  basin. 
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reaching  150  miles  from  south  to  north;  bo  that  the  present 
altitudes  of  the  elevated  beaches,  while  somewhat  inclined,  are 
yet  through  long  distances  so  nearly  horizontal  that  they  par- 
tially and  in  a  remarkable  degree  justify  Dr.  Lawson's  opinion 
that  the  ancient  lake  levels  remain  parallel  with  that  of  to-day. 
The  sum  of  all  the  epeirogenic  movements  since  the  formation 
of  the  Belmore  and  Nelson  beaches,  along  a  nearly  due  north 
line  measures  as  follows,  in  comparison  with  the  Chicago  out- 
let: from  Chicago  for  about  185  miles  north  to  the  southern 
end  of  Green  bay,  very  little,  the  old  shore  still  being  nearly 
unchanged;  about  the  north  end  of  Green  hay,  at  the  head  of 
the  Big  bay  de  Noc,  150  feet;  at  Houghton,  on  the  Keweenaw 
peninsula,  410  feet;  and  at  the  north  side  of  lake  Superior,  420 
feet,  or  more  probably  475  feet.  Along  a  west  to  east  belt  50 
to  100  miles  wide,  including  the  upper  peninsula  of  Michigan, 
the  rate  of  differential  uplifting  ranged  from  one  to  five  feet 
per  mile  from  south  to  north;  while  on  a  large  area  farther 
north  there  was  little  differential  movement,  but  in  general  a 
surprisingly  uniform  and  regular  elevation  of  the  lake  Super- 
tor  district. 

When  the  glacial  melting  and  retreat  at  length  permitted 
an  outflow  from  the  St.  Ijawreuce  basin  over  a  lower  pass, 
which  was  through  central  New  York  to  the  Mohawk  and  Hud- 
son, the  water  surface  of  the  basins  of  lakes  Michigan,  Hnron, 
and  Superior,  fell  only  some  50  or  75  feet,  from  the  latest  and 
lowest  stage  of  lake  Warren  to  its  short-lived  successor,  lake 
Algonquin.  This  lake  was  ice-dammed  only  at  low  places  on 
its  east  end,  as  at  or  near  the  heads  of  the  Trent  and  Mattawa 
rivers,  lying  respectively  east  of  lakes  Simcoe  and  Nipissing, 
where  otherwise  its  watsrs  must  have  been  somewhat  further 
lowered  to  outftow  by  those  passes.  A  careful  study  of  the 
late  glacial  epeirogenic  uplifting  of  aU  portions  of  the  St. 
Lawrence  drainage  area,  as  known  by  the  present  inclinations 
of  its  many  shore  lines,  convinces  me  that  Gilbert*  and  Wrightf 
have  overestimated  the  importance  of  the  outflow,  if  any  such 
took  place,  from  lake  Al^nquin  past  the  present  lake  Nipis- 
sing to  the  Mattawa  and  Ottawa  rivers.  Professor  Spencer's 
Algonquin  beach  is  very  clearly  the  Nipissing  beach  of  Mr. 

*Proa  Am.  Aflaoo.for  AdT.otBcleaoe,  vol.  xxxv,  for ISTft,  pp. 223,  HSI.  "The  History 
lit  the  Niagara  Blver,"  Sixth  An.  Bep.  of  the  OommlBslQnets  ot  the  StatA  Beaerratlon 
Uit  NlafUK,  fur  the  year  18TB,  pp.  BI-81,  with  maps  and  sections  lalso  IntheBmlthsDniaD 
An.  Bep.  tor  1890^  pp.  2SI-»Tf . 

+BuUetlii,  Q«ol.  8oc.  of  America,  vol.  It.  pp.  tHH;  with  eoBuluB  dlscusalOD  by  Dr. 
Robert  Bell,  pp.  4K-T. 
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Taylor;  and  this  earliest  and  principal  stage  of  lake  Algonquin 
is  shown  by  these  beaches  to  have  coincided  closely  in  area 
with  lakes  Michigan  and  Superior,  but  to  have  been  consider- 
ably more  extensive  eastward  than  the  present  lake  Huron  and 
Georgian  bay.  It  held  a  level  which  now  by  subsequent  dif- 
ferential epeirogenic  movements  is  left  probably  wholly  below 
the  present  level  of  lake  Michigan  by  a  vertical  amount  rang- 
ing from  almost  nothing  to  about  40  feet.  Its  shores  were 
nearly  coincident  with  the  western  shore  of  lake  Huron,  but 
eastward  they  are  now  elevated  mostly  150  to  200  leet  above 
that  lake  and  Georgian  bay;  and  in  the  lake  Superior  basiB 
tliey  vary  from  about  50  feet  above  lake  Superior  at  its  mouth, 
and  along  its  northeastern  and  northern  shores,  to  25  feet  at 
Houghton,  and  to  a  few  feet  or  none  at  Dntuth.  The  earliest 
outflow  of  lake  Algonquin  doubtless  passed  southward  by  the 
present  course  of  the  St.  Clair  and  Detroit  rivers;  thence  it  ran 
east  as  a  glacial  River  Erie,  following  the  lowest  part  of  tbe 
shallow  bed  of  the  present  lake  Erie,  which  then  had  an  east- 
ward descent  of  probably  200  feet,  allowing  no  lake  or  only  a 
very  smaJl  one  to  exist  in  the  deepest  depression  of  the  basin; 
and  north  of  Buffalo  it  coincided  with  the  course  of  the  Niagara 
river. 

The  Niagara  gorge  has  since  been  eroded  by  the  recession 
of  its  waterfall;  and  the  outflow  from  the  upper  Laurentiui 
lakes  has  been  constantly  pouring  over  the  receding  cataract, 
excepting  possibly  (but  improbably)  that  it  may  have  been 
diverted  for  some  very  short  time,  as  less  than  a  century,  to 
the  Mattawa.  It  seems  to  me  far  more  probable  that  tbe 
epeirogenic  uplift  of  the  Nipissing  region,  which  bad  elevated 
it  about  450  feet  during  the  existenbe  of  lake  Warren,  con- 
tinued so  fast  that  both  the  Trent  and  Nipissing-Mattawa 
passes  were  raised  above  the  level  of  lake  Algonquin  before 
the  glacial  retreat  uncovered  the  country  east  of  them  so  that 
outlets  could  be  obtained  there. 

With  the  continuance  of  the  uplift  of  the  lake  Superior  ba- 
sin after  the  formation  of  the  Algonquin  beach,  the  month  of 
lake  Superior  and  the  Sault  Ste.  Marie  came  into  existence; 
and  this  movement  allowed  the  lake  level  at  Duluth  to  fall  pro- 
bably 40  or  50  foet  beneath  the  j^lgonquin  and  present  shore 
line.  Subsequent  differential  elevation  of  the  eastern  and 
northern  parts  of  the  basin,  as  compared  with  Duluth,  has 
again  brought  the  west  end  of  the  lake  up  to  the  Algonquin 
shore;  but  not  until  the  St.  Louis  river,  while  the  watersurface 
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stood  considerably  lower  than  now,  had  deeply  eroded  its 
broad  chansel  through  the  very  gently  sloping  expanse  of  till 
from  Fond  du  Liac  to  the  harbor  of  Daluth  and  Superior. 

It  would  be  very  interesting  to  trace  the  relationship  of  the 
epeirogenic  uplifting  of  the  lake  Warren  basin  with  those  of  the 
contemporaneous  lake  Agassiz  on  the  west  and  the  slightly 
later  lake  Iroquois  on  the  east,  but  the  limits  and  scope  of 
the  present  report  forbid  this.  Nor  can  we  here  consider 
what  these  glacial  lakes  teach  concerning  the  recession  of  the 
ice-sheet  from  New  York  and  New  England,  which  are  thus 
clearly  shown  to  have  been  the  last  portion  of  the  United 
States,  at  least  eastward  from  the  Bocky  mountains,  to  be  un- 
covered from  the  fast  waning  continental  glacier.  The  re- 
treatal  moraines  of  all  the  drift- iMaring  area  east  of  the  great 
angle  of  the  drift  boundary  in  southwestern  New  York  appear, 
In  the  light  of  these  studies,  to  be  somewhat  (though  not  many 
hundreds  of  years)  newer  than  all  the  series  of  moraines  with- 
in the  limits  of  the  United  States  west  from  that  angle  to  Min- 
nesota and  North  Dakota. 

DELTAS. 

Not  only  the  St.  Louis  river,  but  also  many  small  streams  in 
the  vicinity  of  Duluth,  brought  noteworthy  deltas  of  gravel 
and  sand  into  the  formerly  much  higher  glacial  lakes  which 
represented  lake  Superior.  The  largest  delta  plain  which  I  ob- 
served reaches  about  a  mile  eastward  from  the  St.  Louis  river 
at  Thomson  and  has  an  altitude  of  455  to  460  feet  above  the 
present  lake.  It  was  probably  formed  nearly  at  the  old  lake 
level  or  within  a  few  feet  below  it,  contemporaneous  with  the 
formation  of  the  Boulevard  beach.  Still  water  deposits,  laid 
down  at  a  short  distance  off  shore,  swept  by  the  prevailing 
winds  and  shore  currents  southward  from  the  mouth  of  the  St 
Louis,  as  it  then  was,  are  now  found  as  the  beds  of  stratified 
clay  worked  for  brick-making  at  and  near  Wrenshall,  three  to 
four  miles  south  of  this  delta.  Numerous  other  sand  and 
gravel  deltas  of  the  St.  Louis,  mostly  of  small  extent,  will 
doubtless  be  easily  recognized  by  adequate  search;  and  the  cor- 
responding finer  silts  borne  southward  thinly  cover  many 
tracts  of  the  wooded  Nemadji  drainage  area,  above  its  much 
greater  thickness  of  till. 

On  Tischer's  creek,  in  the  northeastern  suburbs  of  Duluth, 
large  terrace  remnants  of  a  delta  which  was  brought  in  during 
the  stage  of  t^e  First  Duluth  beach  are  found  at  540  to  550  feet, 
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about  a  quarter  to  a  third  of  a  mile  north  of  the  Hardy  School. 
Other  and  lower  deltas  of  this  stream  lie  west  of  this  school 
house  and  within  a  quarter  of  a  mile  south. 

The  most  interesting  series  of  deltas,  however,  which  I  ex- 
amined in  Duluth  is  situated  along  the  course  of  Chester  creek. 
Besides  its  present  course,  this  creek  sent  a  part  of  its  waters 
into  the  Western  Superior  glacial  lake  by  a  more  western  chan- 
nel, occupied  by  a  very  small  brook,  there  depositing  the  con- 
spicuons  gravel  and  sand  banks  above  and  below  the  boiile- 
vard  a  half  mile  southwest  of  Chester  creek,  which  are  now 
being  extensively  excavated  by  the  city  street  department  and 
in  part  for  use  as  masons'  sand.  Along  Chester  creek  I  noted 
nine  successive  delta  terraces  or  small  plains,  usually  well  rep- 
resented on  each  side  of  the  creek,  which  has  cut  deeply 
through  them  to  the  underlying  rock  or  steep  till  slope.  In 
their  descending  order,  these  have  the  following  altitudes: 

1.  About  540  to  530  feet;  belonging  to  tbe  First  Dulutb  stage. 

2.  About  SIO  to  400  feet;  representing  the  Second  Duliith  beacb. 

3.  At  480  to  460  feet;  deposited  during  the  time  of  the  Boulevard  lake 
level. 

4.  At  430  to  410  feet;  the  Belmore  level. 

5.  From  380  to  350  feet;  representiog  together  the  Nelson  and  HcEnen 
beaches. 

6.  From  260  to  230  feet,  including  the  former  site  of  the  Forest  Hill 
cemetery;  the  Double  Bay  beach.  <Probablyadelta  deposit  maybe  foaod 
□early  midway  between  the  last  two,  at  the  Thlbeault  shore  line.) 

7.  At]60tol60feet;on  the  first  Beaver  Bay  shore  line. 

8.  At  90  to  75  feet;  corresponding  to  the  S^ond  and  Third  Beaver  Baf 
beaches. 

9.  At  50  to  46  feet,  close  to  the  mouth  of  this  creek,  and  rising  imme- 
diately on  the  north  side  of  the  Duluth  &  Iron  Range  railroad.  From 
this  delta  is  derived  the  name  of  the  Chester  Creek  beach. 

After  examining  this  series  of  deltas  and  mapping  their  locations,  ttae 
altitudes  here  noted  were  obtained  from  a  large  scale  contoured  map  of 
Dulutb  In  the  ofHce  of  Mr.  D.  A.  Beed,  the  city  engineer. 
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ITINERARY. 
During  the  last  w^ek  !□  June  and  the  first  in  July  the  writer 
accompanied  Prof.  N.  H.  Winchell  on  a  trip  along  the  north 
shore  of  lake  Superior  from  Grand  Marais  to  the  end  of  Pigeon 
point  and  return.  Quite  a  number  of  the  more  important  locali- 
ties along  this  shore  were  examined,  an  account  of  which  will 
be  given  by  Prof.  Winchell.  After  returning  to  Grand  Marais 
another  trip  of  ten  days  was  made  northward  and  northwest- 
ward, by  what  18  known  as  the  "Iron  trtul."  to  Bnilfi  lake  and 
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thence  to  Gunflint  lake,  where  a  week  was  spent  in  examininf 
the  iron-bearing  rocks  in  T.  65-4.*  In  the  first  part  of  August 
the  writer  participated  in  the  excursion  of  the  Geological 
Society  of  America  through  the  mining  regions  of  Michigan. 
On  returning  to  the  field  in  the  last  part  of  August  the  region 
of  Gunflint  lake  and  that  west,  south  and  east  of  this  lake  was 
examined,  and  data  were  obtained  for  a  geological  map  of  this 
region.  This  work  continued  until  the  early  part  of  October, 
when  a  few  days  were  spent  in  company  with  Messrs.  N.  R  and 
fi,  V.  Winchell  iu  visiting  some  of  the  critical  exposures  near 
Tower. 

MAPPING  ACCOMPLISHED. 

At  the  beginning  of  the  season  the  writer  was  assigned  that 
part  of  Minnesota  lying  ih  ranges  2-7  west  of  the  Fourth  prin- 
'  cipal  meridian  to  map  geologically  and  topographically.  Of 
course  it  was  impossible^  with  the  time  and  assistance  allowed, 
to  cover  all  this  area  (over  1500  square  miles)  much  more  care- 
fully than  already  had  been  done;  consequently  that  part  lying 
between  T.  63  and  lake  Superior  was  neglected  and  the  work 
was  concentrated  on  the  rest  of  the  area. 

The  part  of  the  Mesabi  range  in  this  portion  of  the  state  was 
divided  into  three  divisions  (plates),  in  which  more  detailed 
work  was  done  than  on  the  rest  of  the  region,  and  in  each  di- 
vision the  vicinity  of  the  outcrop  of  the  iron  bearing  rocks  re- 
ceived more  attention  than  the  rest.of  the  plate.  These  plates 
and  their  approximate  areas  are  as  follows: 

Plate  80.— Ts.  63-M,  Rs.  6-7;  14-1  square  miles;  Fraser  Lake  plate. 
Plate  81. —Ts.  64-65,  Bs.l-S;  U3  square  miles;  Akeley  Lake  plate 
Plate  82.-TS.  61-65,  Ra.  2-3;  ]0]  square  miles;  GuntliDt  Lake  plaie. 

The  amount  of  mapping  accomplished  is  outlined  in  the  two 
following  sections. 

I.    TOroORAPHY. 

This  part  of  the  work  was  done  under  the  direction  of  the 
writer  by  Messrs,  C.  P.  Berkey,  L.  A.  Ogaard  and  Alex.  N.  Win- 
chell. Mr.  Berkey,  who  was  in  charge  of  this  work  during 
July  and  August,  was  iu  the  field  from  June  26th  to  September 
2d;t  Mr.  Winchell  from  June  26th  to  August  26th;  Mr.  Ogaard 
from  Juno  26th  to  October  5th,  but  during  September  and 
October  considerable  of  his  time  was  devoted  to  other  duties. 

The  altitudes  of  all  the  principal  lakes,  and  of  a  large  num- 

•la  tbiB  paper  the  "Range"  Is  alvaye  vKft  of  the  Fourth  prloolpul  meridian. 

1  an  account  of  hia  work  on   the   top<%raphj.  "hli^b 
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ber  of  the  smaller  ones,  were  ascertained  accurately  by  level- 
ling from  lake  Superior  *  By  means  of  aneroid  barometers  and 
hand  levels  data  were  obtained  for  tbe  drawing  of  contour 
lines,  which  are  fifty  feet  apart.  The  topographical  work  on 
that  part  of  the  Mesabi  range  mapped  by  the  above  mentioned 
party  is  much  more  accurate  than  th^t  done  by  parties  of  the 
survey  further  west,  for  two  reasons;  first,  the  levels  of  the 
lakes  were  accurately  determined,  and  second,  these  lakes  were 
used  as  checks  on  the  aneroids  every  few  hours.  -The  results 
of  the  work  of  1B93  and  that  of  the  writer  for  1892  are  as  fol 
lows: 

Plate  80, — Levels  of  most  of  the  lakes  by  barometrical  read- 
ings; location  of  the  prominent  hills;  very  little  accurate  con- 
touring.    This,  however,  is  an  unimportant  sheet. 

Plate  81.— Practically  complete,  excepting  some  of  the 
northwestern  part 

Plate  82. — Practically  complete. 

In  the  region  south  of  these  plates,  except  in  the  vicinity 
of  Brulg  and  Ida  Belle  lakes  where  the  contouring  is  nearly 
complete,  very  few  data  have  been  obtained.  To  the  north  of 
these  plates  the  levels  of  almost  all  the  lakes  are  known, 
mostly  by  aneroid  readings,  and  some  contouring  has  been 
done.  The  bights  of  the  lakes  between  Qabemi.chigama  lake 
and  Ely  (by  way  of  Knife  and  Basswood  lakes)  were  obtained 
by  level.! 

II.    GEOLOGY. 

In  the  mapping  of  plates  80.  81  and  82  the  writer  foand  it 
necessary  to  go  over  the  entire  ground  anew  and  depended  but 
very  little  on  the  mapping  of  former  parties  of  the  survey,  as 
their  work  was  more  in  the  nature  of  a  reconnaissance  than  of 
accurate  mapping.  In  addition  to  a  careful  survey  of  the  lake 
shores,  with  very  frequent  trips  inland,  nearly  all  north  and 
south  section  lines  were  followed  in  the  vicinity  of  the  iron- 
bearing  rocks  and  the  Animikie,  and  occasionally  sections  were 
crossed  one  to  four  times.  The  mapping  done  during  the  last 
two  seasons  and  some  in  1891  is  as  follows: 

Plate  80. — Practically  complete,  but  less  time  was  devoted  to 

*The  leieniDg;  was  dona  by  Mr.  L.  A.  Ogaard.  assisted  by  Alex.  N.  Wlnobell.  The 
writer  can  voucb  tor  the  care  and  accuracy  with  which  this  work  was  done,  HOmetimes 
under  docldoillyenibaiTassloB  clrcumslanoefl. 

rrhetalghtaotmaayof  the  lakes  and  points  lathe  area  here  reported  on  can  be  round 
on  pages3i-39ot  Ur.  Warren  Upham'9  report  in  this  volume:  also  In  the  report  or  Mr. 
0.  P.  Berlie;. 
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this  plate  than  to  the  others  as  it  is  very  largely  covered  by 
gabforo. 

Plate  81. — Practically  complete. 

Plate  82. — Practically  complete. 

In  the  region  south  of  these  plates,  except  around  Brul^  and 
Ida  Belle  lakes  and  in  T.  62-3,  nothing  has  been  accomplished 
since  the  publication  ol  the  geological  map  in  bulletin  number  6. 
The  mapping  of  the  region  north  of  these  plat«s  is  practically 
complete.  Special  attention  has  been  given  to  the  vicinity  of 
Kekequabic  lake,  of  which  a  map  has  been  published  (see  the 
21st  Ann.Iiept^,pl.  I), and  to  the  outlines  of  the  Saganaga granite 
(see  the  20th  Ann.  Rept,  pp.  83-95).  The  lakes  lying  between 
Ogishke  Muncie  and  Ottertrack  lakes  have  been  examined  and 
work  supplementary  to  that  of  the  former  parties  of  the  sur- 
vey in  this  region  has  been  done. 

SKETCH  OF  RESULTS  OP  GEOLOGICAL  WORK. 
While  opportunity  has  not  been  had  for  a  careful  examination 
of  the  specimens  collected  during  the  last  two  years,  and  for 
the  preparation  of  a  report  on  this  region,  still  there  are  some 
points,  which  were  brought  out  by  the  field  work  and  some  lit- 
tle study  since,  that  are  sufiBciently  clear  to  warrant  a  prelimi- 
nary statement  of  the  results  reached. 

1.    THE  EEEWATIN. 

The  lakes  south  of  Ottertrack  lake  in  T.  66-6  and  the  north 
half  of  T.  65-6  have  been  examined  and  the  rocks  found  to  be 
of  the  usual  Eeewatin  strata  with  some  areas  that  consist  of 
volcanic  tuff.  Large  and  beautiful  exposures  of  Ogishke  con- 
glomerate occur  on  the  shores  of  the  lake  in  S.  W.  ^  sec. 
36,  66-6. 

The  Keewatin  in  the  northern  part  of  the  southern  half  of 
Ts,  65-4  and  65-5  is  composed  almost  entirely  of  greenstone 
and  greenstone  schists.  Some  of  these  greenstones  showfrag- 
mental  materials  and  are  probably  of  the  nature  of  volcanic 
tuff,  while  other  parte  are  undonbtedly  massive  erupUves. 

The  outlines  of  the  Saganaga  granite  in  Minnesota  have  been 
traced,  and  abundant  evidence  has  been  found  to  show  tbe 
eruptive  nature  of  this  granite  in  the  Keewatin  rocks.  Part  of 
this  evidence  has  been  published*  for  the  western  edge  of  this 
granite  area,  and  during  the  last  two  years  facts  pointing  the 
same  way  have  been  noted  along  the  southern  edge  of  this 

•  U.S.  Grant,    mb  Aon.  Eept,  pp.  8a-B5, 1893.    Amer.  Geol.,  vol.  i.  pp.l-lO.lBK 
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granite  where  it  comes  in  contact  with  the  greenstone.  The 
proofs  of  the  eruptive  nature  of  the  granites  of  Sagaiiaga,Keke- 
qnabic  and  Snowbank  lakes  and  of  the  O-iant's  range  have  been 
stated  before  by  the  writer,*  and  in  the  case  of  the  Keke- 
quabic  lake  granite  the  matter  has  been  treated  in  some  detailf 
Mr.  J.  E.  Spurr,  who  has  been  at  work  for  the  survey  on  the 
Mesabi  range  west  of  the  Duluth  and  Iron  Range  railroad  dur- 
ing the  last  Bummer,  also  states  that  there  is  abundant  evidence 
of  the  intrusive  and  metamorphosing  nature  of  the  granite  of 
the  Qiant's  range  in  that  district.^ 

It  frequently  happens,  that,  where  these  granites  come  in 
contact  with  the  surrounding  rocks,  schists  more  crystalline 
than  those  of  the  usual  Keewatin  occur.  To  these  more  crys- 
talline and  completely  crystalline  schists  the  Minnesota  survey 
has  applied  the  term  Vermilion,  which  is  regarded  as  a  synonym 
of  Dr.  A.  C.  Lawson's  Coutchiching.  The  Vermilion  rocks  have 
been  supposed  to  occupy  a  distinct  stratigraphical  position  be- 
low and  older  than  the  Keewatin.  The  writer  has  already 
called  attention  to  the  fact  that  in  the  region  of  the  Kawishiwi 
river  (Ts.  63-9,  63-10  and  63-11  W.)  there  seem  to  be  good 
reasons  for  not  separating  the  rocks  mapped  as  Vermilion  from 
the  Keewatin.  §  During  the  field  work  of  the  past  two  seasons 
additional  facts  have  been  collected  concerning  these  more  crys- 
talline  rocks  (Vermilion),  facts  sufficient  to  justify  the  state- 
ments (1)  that  the  rocks  called  Vermilion  in  the  region  of  the 
writer's  field  work  are  not  necessarily  lower  in  the  geological 
scale  than  the  Keewatin,  but  that  they  occur  atvarious  horizons 
in  the  Keewatin,  (2)  that  they  are  only  a  more  crystalline  con- 
dition of  these  same  Keewatin  rocks,  and  (3)  that  they  proba- 
bly owe  their  more  crystalline  nature  largely  to  their  close 
proximity  to  areas  of  intrusive  granite.  It  will  be  noticed  that 
the  Vermilion  rocks  a«  mapped  usually  occur  between  areas  of 
Keewatin  and  granite;  in  this  connection  consult  especially 
plates  10  and  11  of  Bulletin  No.  10  and  the  geological  map  ac- 
companying Bulletin  No.  6.  And,  as  stated  above,  some  of 
these  granite  areas  are  known  to  be  intrusive,  and  very  proba- 
bly others  not  mentioned  above  are  of  the  same  nature.  The 
gradual  transition  from  the  Keewatin  to  the  Vermilion  roCks 
has  been  described  by  Messrs.  N.  H.,  A.  and  H.  V.  Winchell  in 

*9Hb  Ann.  Bept..  pp.  IT-3S,  etc..  189il. 
t2t8t&ua.  Sept.,  pp.  37-38,  90-51.  1893. 
tBnll.  No.  X.  p.  2,lBgi. 
I  SDUi  Ann.  Sep.,  p.  SB,  1893. 
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the  more  recent  and  aanual  reports  of  the  survey  and  more 
especially  in  BuUetiu  No.  6.  The  same  conclusions  in  regard 
to  the  relations  and  position  of  the  "Vermilion"  rocks  of  the 
western  Mesabi  iron  range  were  reached  independently  by  Mr. 
J.  E.  Spurrf  during  the  last  summer. 

It  would  be  unwise  to  extend  these  conclusions  conceruiug 
the  "Vermilion"  rocks  in  the  areas  studied  by  the  writer  to  all 
similar  rocks  in  northeastern  Minnesota  and  western  Oatario; 
but  it  does  not  seem  improbable  that  these  conclusions  will  ia 
the  future  be  found  to  apply  to  a  large  part,  if  not  to  the  whole, 
of  the  so-called  "Vermilion"  rocks  of  the  northeastern  part  of 
this  state- 
It.    IKON-BEARING  ROCKS  OP  AEBLBY  LAKE. 

These  rocks  lie  upon  the  Keewatin  greenstone  to  the  noFlb 
and  on  the  south  are  overlain  by  the  great  gabbro  mass.  They 
extend  in  a  narrow  belt  from  near  the  center  of  the  N.  i  sec  27, 
65-4,  westward  nearly  to  the  western  edge  of  the  N  i  aec.  34. 
65-5  (a  distance  of  about  six  and  a  half  mites).  West  oE  this 
they  are  met  with  in  a  few  isolated  outcrops  near  the  northern 
edge  of  the  gabbro,  or  included  in  the  gabbro,  and  at  Birch 
lake  (T.  61-12)  apparently  the  same  rocks  reach  a  considerable 
development  and  have  been  exploited  for  iron  ore.  In  Ts.  65-4 
and  65-5  these  rocks  outcrop  in  a  belt  from  300  to  1300  feet  in 
width,  and  the  dip  varies  from  almost  vertical  to  20  degrees 
toward  the  south,  the  average  dip  being  45-50  degrees.  Wnere 
the  belt  is  the  widest  the  dip  averages  about  80  degrees;  this 
would  make  a  thickness  of  650  feet,  which  is  probably  the  maxi- 
mum thickness  of  these  beds  in  the  vicinity  of  Akeley  lake. 

The  iron  ore  of  these  rocks  is  a  magnetite,  making  on  the 
average  a  rather  low  grade  bessemer  ore,  with  no  titanium. 
Dnricg  1892  and  1893  considerable  work  was  done  by  the  Gun- 
flint  Lake  Iron  Company  in  sections  28  and  29,  65-4,  and  a  rail- 
road was  completed  from  Port  Arthur  to  their  headquarters  in 
sec.  28.  A  number  of  test  pits  have  been  dug  and  two  shafts 
have  been  sunk,  the  deeper  of  these  is  in  the  S.  E.  ^  N.  W.  ) 
sec.  28;  in  September,  1893,  it  had  reached  a  depth  of  112  feet. 
As  yet  no  ore  has  been  shipped  and  no  bed  of  any  considerable 
thickness  of  clean  ore  has  been  encountered,  although  by  sort- 
ing by  hand  a  fair  quality  of  ore  can  be  obtained. 

Prof.  N.  H.  Winchell  considers  these  rocks  to  belong  to  the 


*Ct.  Bull.  10,  p.  3.  and  ihe  explanatloas  to  plat«s  10-it. 
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lower  part  of  the  Animikie,*  while  Dr.  W.  S-  Bayley  has  in- 
cluded them  in  the  gabbro.f  In  this  preliminary  report  the 
origin  of  these  ore-bearing  rocks  and  their  relations  to  the  An- 
imikie and  to*  the  gabbro  will  not  be  discussed,  (See  remarks 
concerning  the  absence  of  a  basal  qnartzyte  at  Gunflint  lake  on 
pages  74  75  of  this  report). 

in.    ANIMIKIE. 

During  the  season  of  1898  considerable  new  data  were  ob- 
tained concerning  the  Animikie  rocks  in  the  vicinity  of  Gunf  int 
lake,  and  it  is  now  possible  to  construct  a  much  better  geologi- 
cal map  of  this  region  than  has  hitherto  been  published-X 

The  Animikie  rocks  about  GunAint  lake  have  been  little  dis- 
turbed; they  dip,  with  local  exceptions,  at  an  aagle  of  8  to  10 
degrees  a  little  east  of  south.  In  the  immediate  vicinity  of  the 
gabbro  the  dip  increases  and  as  the  slates  disappear  under  this 
rock  it  occasionally  reaches  20  to  80  degrees.  On  the  north 
side  of  the  lake,  where  the  lower  beds  lie  upon  the  older  ver- 
tical crystallines,  there  has  been  some  gentle  bending  of  the 
later  rocks,  and  in  the  S.  i  sec.  21,  65-4,  is  a  sharp  synclinal,  on 
wliose  southern  side  the  Animikie  slates  stand  almost  vertical. 
Faults. 

The  country  is  made  up  of  parallel  ridges  trending  east  and 
west.  On  the  south  side  of  each  ridge  gentle  slopes  occur, 
bat  on  the  north  steep,  mural  descents  are  seen.  The  tops 
of  the  ridges  are  composed  of  diabase  sills,  which  usually 
cap  a  considerable  thickness  of  slates.  This  structure 
has  given  rise  to  the  idea  that  there  has  been  a  series  of 
monoclinal  uplifts  along  east  and  west  fault  lines,  the  down- 
throw occurring  on  the  north  side  of  each  fault.  While  this 
idea  is  very  plausible  as  long  as  topography  alone  is  concerned, 
stiU  it  seems  to  find  little  or  no  confirmation  in  the  sequence  of 
the  strata.  The  Animikie  rocks,  as  stated  beyond,  can  be  read- 
ily divided  into  three  divisions,  and  each  division  is  well  char 
acterized  lithologically.  Such  being  the  case  it  would  be 
a  comparatively  easy  matter  to  recognize  any  member  if 
brought  out  of  its  normal  position  by  faulting,  but  in  no  in- 
stance has  the  writer  been  able  to  do  this.  There  seems  to  be 
good  evidence  that  no  great  faults  have  occurred,  although 
minor-ones  of  comparatively  small  throw  may  exist. 

•ISth  Add.  Etept.,  pp.  83-SO,  1B88.  See  eapeclallf  Bulletin  No.  fl.  180I. 
tISth  Add.  Bept.,  pp.  lM-310. 18W.  Joura.  ot  Qeoh.  vol.  1.  p.  604. 1893. 
trhe  best  map  jet  Issued  Is  tbat  by  Irving  unil  Van 
kea  range,  lOtb  Add.  Bept.U.  S.  Qeol.  Sur„  pl.  xUI.  i^ 
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Thickness  and  divisions. 

It  is  easy  to  separate  the  Animikie  rocks  at  QunQint  lake  into 
three  well  marked  lithological  divisions,  and  perhaps  each  of 
these  can  be  subdivided.  Below  is  given  this  three  fold  divi- 
sion, with  the  estimated  miximum  thickness  of  each.* 

Theupper,  or  graywacke-slate,  member. — Composed  of  hlack  to 
gray  slates  and  fine  graywackes,  with  some  flinty  slates;  the 
upper  part  shows  coarser  detrital  matter,  and  the  highest  beds 
seen  are  fine  grained  quartzytes  and  quartz  slates.  Thickness 
1.900  feet. 

The  middle,  or  black  slate,  member. — Composed  largely  of  black 
slates,  often'  very  fissile,  and  apparently  carbonaceous.  At 
the  bottom  of  this  member  is  a  distinct  division  of  black  to 
gray  slates  which  are  fine  grained,  siliceous  and  often  flinty; 
they  reach  a  thickness  of  some  60  feet.  They  are  as  distinctly 
marked  off  from  the  black,  carbonaceous  slates  above  as  from 
the  iron-bearing  rocks  below,  and  perhaps  might  be  put  in  a 
separate  member  by  themselves,  but  they  seem  to  be  distinctly 
differentiated  only  at  the  western  end  of  Guofiint  lake.  Thick- 
ness of  middle  member  1,050  feet. 

The  lower,  or  iron-bearing,  member. — Composed  largely  of  jas- 
pery,  actinolitic,  siliceous  and  magnetitic  slates,  usually  quil« 
thinly  laminated,  and  some  beds  of  cherty  carbonate  and  of 
lean  iron  ore.  The  presence  of  thin  bands  rich  in  magnetite  is 
a  very  characteristic  feature  of  this  member.  It  is  also  char- 
acterized by  greenish  to  reddish  siliceous  rocks,  often  spotted 
and  forming  jaspers;  to  similar  rocks  on  the  western  Mesabi 
range  Mr.  H.  V.  Winchellt  has  applied  the  name  "taconytfi," 
and  Mr.  J.  E.  SpurrJ  has  shown  that  they  were  originally  com- 
posed largely  of  glauconitic  greensands,  and  that  in  some 
cases  the  glauconite  still  remains.  Thickness  of  the  lower 
member  900  feet. 

The  quartzyte  (Pewabic)  and  conglomerate  found  at  the  base 
of  the  Animikie  farther  west  seem  to  be  entirely  lacking  in  the 
vicinity  of  Gunflint  lake.  This  statement  may  need  a  few 
words  of  explanation.  The  name  "Pewabic  quartzyte"  was 
proposed  for.  and  applied  to,  the  iron-bearing  rocks  of  Akeley 

•The  lowest  of  theae  dlvlslomoorraipiadi  to  Che  "IroQ-bsarlnft  memliBr."  infl 'li'^ 
mldak  and  upper  divisions  to  the  "upper  slate  meiubar."  ot  the  gaologtcnl  m&P  »' 
Qupfllnt  taka  published  by  Irvlag  aod  Van  Ulse;  loc.  clt. 

tXhe  Mesabi  Iron  range:  !Otb  Aqd.  Bept..  p.  m.  1803. 

n'be  IroD-bearlng  rocks  ot  the  western  Mesabi  raage  Id  Ulonesota:  Bull.  SoAD.l^- 
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lake.*  Subsequently  this  term  has  been  applied  quite  exten- 
sively to  the  quartzyte  member  at  the  base  of  the  Animikie  on 
the  western  Mesabi  range,  so  that  now  the  term  Pewabic  usu- 
ally refers  to  this  quartzyte,  which,  however,  in  the  Minnesota 
reports  has  been  considered  as  the  equivalent  of  the  iron-bear- 
ing rocks  of  Akeley  lake.  If  the  iron-bearing  rocks  of  Akeley 
lake  arb  thus  put  at  the  base  of  the  Animikie,  there  seem  to 
the  writer  to  be  serious  objections  to  regarding  them  as  the 
basal  quartzyte  and  the  equivalent  of  the  quartzyte  of  the  west- 
ern Mesabi  range.  In  the  absence  of  anything  like  a  con- 
glomeratic base,  in  the  intimate  and  rapid  alternation  of  bands 
of  siliceous  and  fermginons  material,  and  in  other  respects 
these  rocks  are  closely  analogoos  to  certain  parts  of  the  iron- 
bearing  member,  and  it  is  to  this  member  that  the  writer  would 
refer  these  roclu,  if  they  belong  to  the  Animikie.  Moreover, 
in  ^e  Gunfiint  lake  region  no  quartzyte  has  been  found  near 
the  base  of  the  Animikie  and  in  several  places  the  iron-bearing 
member  has  been  seen  lying  directly  upon  the  older  crystal- 
line rocks.  Consequently  it  is  stated  that,  so  far  as  known,  the 
basal  quartzyte  member  is  lacking  in  the  vicinity  of  Gunflint 
lake. 

As  is  stated  above,  the  uppermost  strata  of  the  Animkie  near 
Gunflint  lake  are  fine  grained  quartzyte  and  quartz  slates.  This 
increase  of  coarser  siliceous  material  in  the  higher  beds  of  the 
Animikie  is  quite  noticeable,  and  is  also  especially  well  shown 
in  the  vicinity  of  Pigeon  point,  north  coast  of  lake  Superior. 
At  the  latter  place  these  quartzose  beds  (Waoswaugoning 
quartzyte)  have  been  placed  at  the  base  of  the  Animikie  in  the 
recent  Minnesota  reports.f  There  seems,  however,  more  rea- 
son for  placing  the  Wauswaugoning  quartzyte  near  the  summit 
of  this  series  than  at  its .  base,  and  for  considering  it  as  the 
probable  equivalent  of  the  quartzose  beds  at  the  top  of  the  An- 
imikie as  exposed  near  Gunflint  lake. 

In  the  above  estimates  of  the  Jhickness  of  each  member  the 
diabase  sills  have  been  included.  Their  exact  thickness  is  not 
known,  but  it  is  roughly  estimated  at  not  more  than  75  feet  for 
the  lower,  100  feet  for  the  middle,  and  250  feet  for  the  upper 
member.  The  following  figures  then  will  show  the  maximum 
thickness,  in  feet,  of  the  Animikie  at  Gunfiint  lake,  the  esti- 
mate being  based  on  an  average  dip  of  not  more  than  10  de- 


*.N.  H.  Wlnchell;  l«tb  Add.  Bept..  p.St,  ISSB. 

'See  wpectaUT  t^e  "Table  or  Pre-SUurlaD  Kooke."  taclog  p. 
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grees,  and  on  the  assumption  that  there  are  no  faults  which 
-would  make  the  apparent  thicliness  greater  than  the  real: 

Sediments.  Diabase  Total. 

The  upper,  or  graywacke-slate,  member...          l.BBO  250  l.MD 

The  middle,  or  black  slate,  member 950  100  1,050 

The  lower,  or  iroa-beariDg,  member 825  TS  900 

Total 3,425  426     .      3,850 

Igneous  Rock*. 

The  igneous  rocks  of  the  Anlmikie,  so  far  as  seen  by  the 
writer,  are  all  in  the  nature  of  intrusive  sills  or  dikes;  no  sur- 
face eruptions  have  been  recognized,  nor  has  any  evidence  of 
contemporaneous  volcanic  activity  been  noted  in  the  vicinity 
of  Gunflint  lake.*  These  sills  are  composed  of  diabase  that 
varies  much  in  grain,  sometimes  being  very  coarse  in  the  cen- 
ter of  the  sills.  They  make  up  the  characteristic  ridges  of  the 
region  and,  as  far  as  surface  extent  is  concerned,  cover  per- 
haps a  third  of  the  area  of  the  Animikie,  although  their  aggre- 
gate thickness  is  much  less  than  one  third  that  of  the  whole 
series.  The  largest  and  most  prominent  sill  is  that  forminjf 
the  highest  land  between  Loon  and  Gunftiut  lakes  and  along 
the  south  shore  of  South  lake;  it  has  a  thickness  of  at  least  100 
feet. 

The  sills  are  not  found  to  extend  into  the  gabbro,  nor  have 
the  two  rocks  been  seen  in  contact.  However,  the  gabbro  is 
cut  by  a  few  dikes  of  diabase  that  might  be  referred  to  the 
same  date  as  the  sills.  At  the  time  of  the  gabbro  intrusion 
the  surrounding  rocks  were  probably  heated  considerably,  as 
the  gabbro  is  not  particularly  finer  grained  at  its  contact  witb 
the  country  rocks;  but  in  the  case  of  the  sills,  even  of  the 
largest  ones  and  those  in  closest  proximity  to  the  gabbro,  botb 
the  upper  and  lower  surfaces  where  seen  are  exceedingly  fine 
grained.  The  relative  ages  of  the  two  rocks  are  not  definitely 
determined  from  the  data  thus  far  obtained  about  Gunflint  lake. 

IV.    TOE  KEWEENAWAN. 

Gabbro  proper. 

The  great  gabbro  mass  of  this  region  was  examined  over  a 

considerable  extent  of  territory,    This  rock  is  found  to  vary 

somewhat  in  mineralogical  composition,  at  times  becoming,  as 

at  Little  Baganaga  lake,  almost  entirety  composed  of  feldspar, 

■This  agrees  well  with  theHtatemeDtot  Dr.  A..  0.  Lswsou  oouoerDlng  the  abaeuM  ot 
ToloiLnlD  activity  Id  tba  Animikie;  Bulletin  No .  B,  p.  ZS,  18».  He  propose!  tor  these 
ellls  the  term  "Logaa  hUIs."  Ibid.,  p.  48. 
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thus  forming  an  auorthosyte  petrographically  similar  to  those 
described  by  Dr.  A.  C.  Lawson  from  the  north  shore  of  lake 
Superior;*  again  it  becomes  exceedingly  rich  in  olivine,  thie 
mineral  sometimes  making  up  half  the  rock  mass.t  The  gabbro 
was  found  to  include  fragments  of  the  Animikie  slates,  and  it 
also  was  found  directly  overlying  and  in  contact  with  beds  of  the 
upper  member  of  the  Animikie.  This  gives  additional  proof  of 
the  post- Animikie  age  of  the  gabbro. 

Fine  grained  gabbro. 

Associated  with  the  coarse  grained  gabbro,  or  gabbro 
proper,  and  more  frequently  seen  near  its  northern  limit,  are 
finer  grained  rocks  which  vary  from  gabbros  and  olivine  gab- 
bros  to  norytes  and  olivine  norytes.  To  these  rocks  the  term 
"muscovado"J  has  been  applied.  They  are  basic  igneous  rocks 
and  are,  as  a  rule,  at  least  slightly  older  than  the  main  mass  of 
the  gabbro,  which  is  seen  cutting  and  including  fragments  of 
them. 

Acid  eruptives. 

In  Ts.  62-6,  63-5,  63-4,  63-3  and  in  the  southern  edge  of  T- 
64-2  are  extensive  exposures  of  reddish,  hornblendic,  granitic 
rocks.  These  make  the  highest  hills  of  this  region  and  these 
hills  often  form  the  water  divide  between  the  St.  Lawrence 
and  Hudson  bay  drainage.  These  rocks  are  undoubtedly  part 
of  what  Prof.  E.  D.  Irving  termed  the  augite  syenites  of  the 
Keweenawan,§  but  as  yet  the  writer  has  found  no  augite  in 
them;  however,  in  most  specimens  examined  the  original  na- 
ture of  the  ferro-magnesian  constituent  cannot  be  determined. 
They  probably  represent  deep-seated  parts  of  the  magmas  that 
produced  the  extensive  flows  of  rhyolytes,  now  largely  apo- 
rhyolytes,  ||  and  other  acid  lavas  seen  about  the  Minnesota  coast 
of  lake  Superior,  especially  at  the  Great  Palisades  and  also  at 
other  points  along  this  shore. 

On  approaching  one  of  these  areas  of  granitic  rocks  from  the 
north  a  few  small  acid  dikes  are  seen  in  the  gabbro.  These 
increase  in  frequency  and  size  on  coming  nearer  to  the  central 

le  article  by  Or.  W.  S.  Barle;,  Jour. 
lit  Qeol.  vol  I,  pp.  eU-Tie,  1883. 

ISee  "Bemarlis  on  the  so-oalled  musooTailfte  or  mnsoorado  Kick,"  ZlsC  Aau.  Sept., 
pp.  lU-lsa.  1898.    AlsoIbld.,p.3a.    ITth  Ann.  Sept.,  pp.  130-131. 

iOopper-Beariag  Bocks  of  Lake  Soperior,  Mon.V,  D.  9.  Oaol.  Surre;,  isas. 

iPor  use  ol  this  term  see  artlole  by  Dr.  Plorenoe  Basconi,  Jour.ot  HboI.,  vol,  1. 
pp.  su-SK  laea. 
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mass  of  granite,  and  at  the  edge  of  this  mass  apophyses  cad 
be  traced  directly  from  the  granite  into  the  gabbro.  This 
statement  holds  true  for  the  relations  of  the  gabbro  and  these 
granitic  rocks  as  far  as  seen  in  the  region  here  reported  on. 
The  dikes  are  not  particularly  flner  grained,  either  as  a  whole 
or  at  their  edges,  than  the  granite  of  the  main  mass,  thus  in- 
dicating the  heated  condition  of  the  gabbro  when  the  dikes 
were  intruded.  From  this  and  from  the  relation  of  these  two 
rocks  in  other  places  it  seems  likely  that  the  granite,  while  of 
a  later  date  than  the  gabbro,  still  is  not  mach  younger  and 
perhaps  was  intruded  before  the  complete  solidification  of  the 
basic  rock. 
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Page. 

North  shore  of  lake  Superior Tf) 

TowDsbip  65  north,  range  4  west 79 

IroD  regions  of  MIchlean 80 

Duluth 81 

TownshipsS4aDd05Dorth,  ranges  2,  3,4  and  5  west 81 

Railroad  on  north  side  of  GunQlnt  lake 85 

Ely  and  Tower 88 

An  opportunity  has  not  been  offered  for  the  study  of  these 
rocks  since  they  were  collected;  consequently  the  names  are  to 
be  regarded  only  as  approximately  correct.  This  list  is  a  con- 
tinuation of  that  ending  on  page  67  of  the  twenty-first  annual 
report.  The  specimens  in  this  series  are  numbered  in  green 
and  can  thus  be  distinguished  from  those  of  any  other  series  of 
the  snrvey  or  museum. 

NORTH  SHORE  OF  LAKE  SUPERIOR. 

894.  Dark  reddish,  blotched  amygdaloid.  Point  in  S.  W.  \ 
S.  W.  i  sec.  33,  63-3  E. 

895.  Dark  olivine  diabase  ("black  trap").  Center  ofW.  ^ 
"W.  i  sec.  20,  62-4  E.,  Chicago  (or  Sickle)  bay.  Same  as  1811 
N.  H.  W. 

TOWNSHIP  65  NORTH,  RANGE  4  WEST. 

896.  Fine  grained,  gray  gabbro.  S.  W.  i  S.  E.  J  sec.  27,  at 
the  Y  of  the  railroad. 

897.  White  pegmatyte,  from  veins  or  dikes  in  the  last. 

898.  Fine  grained,  gray  gabbro,  2  inches  from  contact  with 
slate.     N.  W.  ^  S.  E.  i  sec.  27,  in  railroad  cut. 

"^  Digitized  byCOOgle 
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899.  Coarse,  gray  gabbro,  2  feet  from  contact  with  slate. 

900.  Fine  grained,  micaceous  schist  (altered  slate).  6  incbes 
from  contact  with  gabbro. 

901.  More  micaceous  facies  of  the  last,  6  inches  from  coo- 
tact  -with  gabbro. 

902.  Fine  grained  diabase  from  dike  in  gabbro;  the  speci- 
men shows  one  edge  and  about  half  the  width  of  the  dike.  S. 
E.  i  N.  W.  i  sec.  27,  in  railroad  cut. 

903.  Small  dikes  of  diabase,  i  to  li  inches  wide,  in  green- 
stone.   N.  W.  i  S.  E.  i  N.  W.  i  sec.  28,  in  railroad  cut 

904.  Impure,  magnetitic  quartzyte  with  films  of  hisingerite. 
S.  W.  i  N.  E.  i  sec  29,  65-4,  shaft  2,  Akeley  lake. 

905.  Graphitic  rock.    Same  place. 

906.  Actinolitic  rock  holding  pieces  of  quartz  and  a  gray 
cherty  rock.  S.  W.  corner  of  N.  W.  J  N.  W.  i  sec  27;  from 
the  "nickel"  pit  just  S.  of  the  wagon  road. 

907.  Some  of  this  gray  cherty  rock.    Same  place. 

908.  Fine  grained,  black,  carbonaceous  rock.  Hill  in  the  S. 
E.  4  N.  E.  i  N.  E.  i  sec  26,  just  south  of  the  railroad. 

909.  Fine  grained  diabase.  X.  E.  ^  S.  E.  i  sec.  24,  just 
north  of  the  wagOD  road. 

IRONiREGIONS  OF  MICHIGAN. 

910.  Recompoaed'jasper  of  Upper  Huronian.  Millie  mine. 
Iron  Mountain. 

911.  Potsdam  quartzyte  showing  quartz  enlargements.  Iron 
Mountain. 

912.  Lower  Huronian  magnetite- actinolite  schist.  Republic. 

913.  Lowtr  Huronian  quartzyte  near  base  of  this  formalion. 
Republic. 

914.  Quartzose  pebble  from  basal  conglomerate  of  the 
Lower  Huronian.    Republic. 

915.  Jaspery  conglomerate  at  base  of  Upper  Huronian- 
Goodrich  mine,  near  Ispheming. 

916.  Impure  quartzyte  at  base  of  Lower  Huronian.  Near 
Ishpheming. 

917.  Greenstone  of  the  Basement  Complex.  Near  Ispbem 
ing. 

918.  Carbonate  rock  of  Lower  Huronian.     Near  Ispheming. 

919.  Volcanic  ash  of^Upper  Huronian.    Near  Ironwood. 

920.  Cherty  carbonate  of  the  Upper  Huronian.  Palm  mine. 
near  Bessemer.  , 
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921.  Carbonate  changing  to  ore,  Upper  Huroniao.  Black 
river.  Bast  of  Bessemer. 

922.  Granite  of  Basement  complex.    Near  Bessemer. 

923.  Recomposed  portion  of  the  same  forming  a  conglomer- 
ate that  rests  on  the  granite. 

924.  Chert  with  "bands  and  shots  of  ore."  Colby  mine, 
Bessemer. 

DVLXSTB. 

925  Very  fine  grained,  black  rock.  Crossing  of  Piedmont 
and  Lake  avenues. 

926.  The  same  showing  irregularly  outlined,  foreign  pieces. 

927.  Same  as  the  last. 

928.  The  same  with  yellowish,  vein-like  forms. 

TOWNSHIPS  64  AND  65  NORTH,    RANGES  S,  3.  4,  AND  5  WEST. 

929.  Coarse,  vitreous  quartzyte.  N.  E.  J  N.  E.  i  sec. 
34,  65-5. 

930.  Finely  laminated  magnetite  and  impure  quartzyte.  N. 
W.  i  N.  W.  i  sec.  35,  65-5. 

931.  Coarse  diabase  {or  gabbro)  from  center  of  sill-  Port- 
age in  N.  i  N.  W.  i  sec.  35,  65-5. 

931A.    Finer  diabase,  4  inches  from  top  of  same  sill. 

932.  Diabase  from  center  of  dike  in  gabbro.  Just  north  of 
the  small  island  in  N.  E.  J  S.  E.  J  sec.  34.  65-5,  Kakigo  (or 
Black  Trout)  lake. 

983.  Fine  grained;  gray  gabbro.  N.  E.  i  N.  E.  J  sec.  12, 
64-5,  Big  Round  lake. 

933A.    The  same  in  contact  with  coarse  gabbro. 

934.  Biotite  granite  from  dike  in  gabbro.  Near  W.  quarter 
post  of  sec.  7,  64-4,  point  in  Big  Round  lake. 

9Ji5.  Fine  grained,  olivine  gabbro.  S.  E.  i  S.  W.  J  sec.  6, 
64  4,  Big  Round  lake. 

936.  Diabase  from  center  of  dike,  8  feet  wide,  in  gabbro.  S. 
E.  i  S.  W.  i  sec.  8,  64-4.  Big  Bound  lake. 

936A.     Diabase  and  gabbro  in  contact.     Same  place. 

936B.     Film  of  diabase,  i  inch  wide,  in  gabbro.  Same  place. 

937.  Gabbro  with  a  green  stain.     N.  W.  i  S.  E.  i  sec.  9,  64- 

4,  north  shore  of  Little  Copper  lake. 

938.  Fine  grained,  gray  granite.     Near  west  edge  of  S.  W.  -J 

5.  W.  i  sec.  16,  64^. 

939.  Fine  grained,  olivine  gabbro,  N.  W.  corner  of  S.  W.  i 
N.  W.  i  sec.  5,  64-4,  south  shore  of  small  lake. 
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940.  Slaty  greenstone.  A  few  rods  south  of  the  west  quar- 
ter post  of  sec.  22,  65-4. 

941.  Gray  syeaite.     West  quarter  post  of  sec.  22,  65-4. 
841A.     The  same.     Same  place. 

942.  Grain  syenite  and  greenstone  in  contact.  N.  i  S.  W.  ^ 
sec.  22,  65-4. 

943.  Magnetite  iron  ore  from  a  bed  3  feet  thick  and  about 
110  feet  below  the  surface.  Shaft  1.  S.  E.  i  N.  E.  i  sec.  26. 
65-4. 

944.  Quartzyte.  below  gabbro  sill.  S.  W.  i  S.  E.  i  N.  E.  i 
sec.  29,  65-4,  within  a  few  rods  of  Akeley  lake. 

945.  Fine  graine^  gabbro  within  six  inches  of  bottom  of  silL 
Same  place. 

946.  Coarse  gabbro  from  center  of  sill.     Same  place. 

947.  Quartzyte  above  gabbro  sill.    Same  place. 

948.  Gabbro.  S.  W.  i  N.  E.  i  see.  29,  65-4,  the  most  east- 
era  island  in  Akeley  lake. 

949.  Gabbro  from  sill  In  quartzyte.  S.  E.i  N.  E  i  sec.  3?. 
65-4,  railroad  cut. 

950.  Cherty  carbonate.     S.  i  N.  W.  i  N.  E.  i  sec.  24,  65-1. 
950A     A  rusted  phase  of  the  same. 

951.  Coarsely  porphyritic  diabase.  S.  E.  i  N.  W.  j^  sec.  19. 
65-3,  railroad  cut  just  west  of  the  narrows  of  Gunflint  lake. 

952.  Diabase.  Near  south  side  of  S.  W.  i  N.  W.  i  sec.  19. 
65-3,  railroad  cut,  north  side  of  Animikie  bay,  Gunflint  lak& 

953.  Contact  of  lower  edge  of  diabase  sill  and  slate.  Near 
north  side  of  N.  E.  i  S.  E.  ^  sec.  24,  65^,  railroad  cut  at  head 
of  Animikie  bay,  Gunflint  lake. 

954.  Flinty  band  in  slate.    Near  same  place. 

955.  Diabase.     Near  same  place. 

956.  Calcareous  deposit  on  face  of  cliff.  S.  W.  j^  N.  E.  1 
sec.  24,  65-4,  east  end  of  large  hill, 

957.  Conglomeratic  portion  of  the  slate.  Same  place,  at  foot 
of  hill. 

958.  Breccia  cemented  by  green  amphibole.  Same  place, 
top  of  hill. 

959.  Peculiar  markings  on  surface  of  slate.  Same  place. 
about  half  way  up  the  hill. 

960.  Black,  flinty  slate.  S.  W.  i  S.  E.  i  sec.  24,  65-4,  cliff 
on  south  shore  of  Cross  river. 

960A.     Another  phase  of  these  slates.     Same  place. 

961.  Black  carlionaceous  rock,  scratched  side  is  on  line  of 
contact  between  slate  and  this  rock. 
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961A.    Slate,  scratched  side  is  od  line  of  same  contact. 
961B.     Black  carbonaceous  rock,  30  inches  above  contact. 
96lC.     Same,  15  feet  above  contact. 

962.  Black  carbonaceous  slate-  Near  center  of  N.  i  sec.  30, 
65-3,  south  shore  of  G-unflint  lake- 

963.  Black  carbonaceous  rock  showing  peculiar  markings. 
Top  of  hiU  in  N-  W.  i  N-  E.  i  sec-  25.  65-4. 

964.  Diabase  from  dike.    N-  W-  i  N.  E.  i  sec.  25.  65-4. 

965.  Biotite  gabbro.  Near  center  of  west  side  of  8-  W.  i 
sec.  25,  65-4- 

965A-     A  phase  of  the  same.     Same  place. 

966.  Gabbro-     Near  center  of  S.  i  sec  25,  65-4. 

967-  Coarse  grained  diabase.  18  feet  above  contact  with 
slate,  top  of  cliff.     S.  E.  i  N .  E.  i  sec.  29,  65-3. 

967A.    Pine  grained  diabase,  10  inches  above  contact. 

967B-     Pine  grained  diabase,  5  inches  above  contact. 

937C.  Pine  grained  diabase  at  contact;  the  side  on  the  con- 
tact is  scratched. 

967D.     Slate  at  contact. 

967E.     Slate. 

967F.  Slate.  The  upper  surface  of  these  specimens  of  slate 
are  scratched;  these  pieces  were  in  contact  with  each  other. 

968.  Hard  siliceous  slate.  Near  east  edge  of  N-  E.  ^  S-  E  ^ 
sec.  25,  65-4,  100  yards  S.  W.  of  the  road. 

969-  Slat«,  15  feet  below  contact  with  gabbro-  Near  center 
of  S.  E.  i  sec.  25,  65-4. 

969A.    Slate.  4  feet  below  contact- 
969B-     Slate,  3  feet  below  contact. 
969C.     Contact  of  slate  and  gabbro- 
969D.     Gabbro,  1  foot  above  contEict- 
969E-     Gabbro.  25  feet  above  contact. 

970-  Spotted,  black,  carbonaceous  slate.  S.  E.  J  S.  W.  i 
sec.  29,  65-3,  north  or  lower  cliff  of  Prospect  mount- 

971.  Gray,  cherty  rock  from  bed  9  inches  in  thickness. 
Same  place. 

972.  Slate  spotted  with  small  white  crystals.  S.  E.  i  S.  W. 
J  sec.  29,  65-3,  main  cliff  of  Prospect  mount. 

973-  Pine  grained  black  rock  with  small  blotches.  Same 
place- 

974.  Black  slate,  one-half  inch  from  lower  surface  of  diabase 
sill.     Same  place. 

974A,     More  fissile  slate,  10  inches  below  sill. 
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975.  Coarse  grained  diabase.    N.  E.  J  N.  W.  J  sec.  32,  65-3. 
top  of  Prospect  mount. 

976.  Gabbro?    N.  E.  i  N.  E.  i  sec.  31,  65-3. 

977.  Coarse  grained  porphyritic  diabase.      Sec-  27,  65-3. 
north  shore  of  Loon  lake. 

977A.    Coarse  grained  diabase,  not  porphyritic.  Same  place. 

978.  Fine  grained  siliceous  slate.     S.  W.  i  N.  E.  i  sec.  32, 
65-3,  southwest  corner  of  Loon  lake. 

979.  Gabbro.     Top  of  ridge  at  same  place. 

980.  Fins  grained,  gray  quartzyte.    Near  center  of  N.  i  sec. 
35,  65-3,  north  shore  of  point  in  Loon  lake. 

980A.    Same,  banded  with  black  slate.    Same  place. 

981.  Spotted  black  slate.   West  line  of  sec.  37,  65-3,  a  short 
distance  north  of  the  quarter  post. 

982.  Dark  siliceous  slate,  one  inch  below  diabase  sill.  S.  E. 
i  N.  W.  i  sec.  35,  65-3,  hill  on  point  in  Loon  lake. 

983.  Gabbro.     Near  center  of  E.  i  sec.  32,  65-3,  near  south- 
west corner  of  Loon  lake. 

983A.     Fine  grained,  biotitic  rock.     Near  same  place. 
983B.     Siliceous  slate.     Near  same  place. 

984.  Pine  grained,  reddish  weathering,  gray  quartzyte.    >'. 
■J  N.  E.  i  S.  E.  i  sec.  32,  65-3,  near  southwest  end  of  Loon  lake. 

985.  GabbroV    A  few  rods  south  of  the  last. 

986.  Gabbro?    West  line  of  sec.  34,  65-3,  one-fourth  mile 
south  of  Loon  lake. 

987.  Mottled  dioryte.    N.  W.  i  S.  E.  i  sec.  34, 65-3,  on  road. 

988.  Gabbro.     N.  W.  i  S.  E.  i  sec.  35,  65-S.    Between  road 
and  Loon  lake. 

989.  Olivine  gabbro  interbanded  with  coarser  gabbro.    S. 
W.  i  N.  W.  i  sec.  11,  64-3. 

989A.     Coarser  gabbro.     Same  place. 

990.  Gabbro.    S.  W.  i  sec.  Jl,  64-3,  south  shore  of  lake. 

991.  Gabbro.     S.  E.  i  N.  E.  i  sec.  11,  64-2,  Poplar  lake. 

992.  Diabase.    N.  E.  J  N.   W.  i  sec  34,  65-2,  top  of  hill  at 
east  end  of  lake  Emma. 

992A.     Fine  grained,   porphyritic  diabase.      North  side  of 
same  hill. 

993.  Micaceous  schist.   N.  W.  i  N.  E.  J  sec.  34.  65-2,  portage 
between  No-Name  lake  and  lake  Emma. 

994.  Diabase.     West  line  of  sec.  36.  65-2,  500  feet  south  of 
No-Name  lake. 

995.  Coarse  grained,  gray  diabase.     N.  E.  i  S.  E.  i  sec.  35. 
65-2,  north  shore  of  No-Name  lake.  i'~,i,.^^,il.> 
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996.  Fine  grained,  gray  quartzyte,  scratched  side  was  one- 
quarter  inch  below  diabase  sill.     Near  center  of  sec  27,  65-2. 

996A.    The  same,  13  inches  below  diabase  sill. 

997.  Diabase.  N.  E.  1  S.  W.  J  sec.  22,  65-2,  north  shore  of 
South  lake,  just  west  of  the  International  Boundary  portage. 

997A.    A  phase  of  the  same.    Same  place. 

998.  Fissile,  black,  carbonaceous  slate.  S.  W.  J  S.  E.  J  sec. 
21.  65-2.  west  end  of  South  lake.  ' 

999.  Fine  grained  diabase  showing  effects  of  weathering. 
1^.  W.  i  N.  W.  i  sec.  25,  65-2,  portage  leading  south  from 
South  lake. 

1000.  Breccia  of  black  slate.  A  short  distance  north  of  the 
S.  E.  corner  of  sec.  24,  65-2.  south  of  South  lake. 

1001.  Diabase.  W.  i  sec.  22,  65-2,  portage  between  North 
and  South  lakes. 

1002.  Cherty  carbonate  with  rusty-weathering  areas;  not  in 
place.     Sec.  21.  65-2,  North  lake. 

1003.  Jasper.  Near  center  of  N.  E.  J  sec.  16,  65-2  south 
shore  of  narrow  arm  of  North  lake. 

1003A.     Jasper  with  green  and  red  granules.    Same  place. 
1003B.     Gray  rock  with  granules,  associated  with  the  jasper. 
Same  place. 

1004.  Fragments  of  red  jasper,  with  granules,  from  the 
beach;  not  in  place.  South  shore  of  North  lake  just  east  of 
the  portage  to  South  lake. 

1005.  Green  rock  with  granules.  Pits  in  N.  W.  J  S.  W.  J  , 
sec.  16,  65-2. 

1005A.  A  more  flinty  phase  of  the  same. 

1005B.  A  rusted  phase  of  the  sama 

1005C.  Black  flinty  rock. 

1005D.  Finely  banded  jasper  and  magnetite. 

1O05E.  Magnetite  iron  ore. 

BtUlroad  on  7V)rth  side  of  Ourijlint  lake. 

1006.  Flint.  A  short  distance  west  of  the  rapids  between 
North  and  Gunfiint  lakes.  Nos.  1006  to  1007C  belong  to  the 
Animikie. 

1007.  Contact  of  diabase  and  flint. 
1007A.     Gray  branded  flint. 
1007B.    Finely  banded  jasper. 

1007C.     Cherty  oarboaate,  changing  to  limonite. 

1008.  Sheared  quartz  porphyry.  Nos.  1008  to  1008O  be- 
long to  the  Keewatin. 
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1008A.     The  same  showing  weathered  surface. 
1008B.    The  same  showing  contact  with  a  non-porphyritic 
rock. 

1008C.     Argillyto. 

ELY  AND  TOWEB. 

1009.  Altered  diabase.     Ely. 

1010.  Coarse  quartzose  rock.     South  of  Stuntz  bay,  Vermil- 
ion lake. 

1011.  Matrix  of  couglomerate.     Just  south  of  western  sicl« 
of  Stuntz  bay,  Vermilioii  lake. 

lOllA.     Pebbles  from  the  same. 

1012.  Sericitic  schist  with  quartz  grains.      Ely  island,  Ver- 
milion lalce. 

1013.  More  massive  form  of  the  same.     Same  place. 

1014.  Angite  porphyryte  ?,  showing  one-half  the  width  of  a 
dike.     Same  place. 

1014.  The  same,  from  a'  point  where  the  dike  was  3  feet 
wide;  center  of.dike. 

1015.  Greenstone.    Just  south  of  Tower, 

1016.  Jasper  with  fine  white  veins.    Tower. 
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VI. 
LIST    OF   ROCK  SAMPLES  COLLECTED  IN  1893* 

BY  A.  D.  MEEDS. 


These  samples  were  collected  Id  ranges  12  to  15  (inclusive) 
west  of  the  Fourth  principal  meridian,  and  between  lake 
Superior  and  the  Vermilion  iron  range.  No  examination  in 
the  laboratory  has  been  made  of  these  rocks,  so  the  designa- 
tions are  only  approximately  correct.  Rocks  of  this  series  are 
numbered  in  white,  each  number  followed  by  the  letter  M,  to 
distinguish  them  from  the  other  series  of  the  survey  and 
museum- 

1.  Medium  grained  gabbro.    E.  line  of  sec.  36,  61-12. 

2.  Very  fine  grained  gabbro,  with  black  lines.  E.  line  of 
sec.  8,  60-12. 

2a.    Crystallized  quartzyte.    Same  place. 
2b.     Same  as  No.  2.     Same  place. 

3.  Red,  hornblende  granite.  Center  of  N.  i  sec.  10,  61-13; 
north  shore  of  Stuntz  lake. 

4.  Gray,  hornblende  granite.  Near  S.  E.  comer  sec.  15, 
61-13;  south  shore  of  Stuntz  take. 

4a.     Phase  of  the  same.     Same  place. 

4b.     G-ranite.     Same  place. 

4c.    Pinkish  granite.    Same  place. 

4d.     Very  fine  grained,  gray  granite.     Same  place. 

5.  Rather  fine  grained,  olivine  gabbro.  W,  line  of  sec.  25, 
61-12,  near  quarter  post. 

6.  Pine  grained,  olivine  gabbro.  N.  E.  J  S.  W.  i  sec.  10, 
6012;  end  of  portage  on  Dunka  river. 

■TbtsllstwaepreparedtroinMr.Meeds'BifealmensaiiO  oote  boobs  by  Dr.  D.  S.Orant. 
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7.  Fine  grained,  magDetic  quartzyte.  W.  line  of  sec.  17, 
60-12. 

7a.  The  same  showing  pitted,  weathered  surface.  Same 
]»lace. 

8-     Mica  schist.    S.  E.  i  S.  E.  i  sec-  35,  60-13. 

9.    Coarse  grained  gabbro,     N.  W.  J  N.  W.  i  sec  6,  59-12. 

lO:  Magnetic  iron  ore.  W.  side  of  N.  W.  J  N.  W.  i  sec.  14. 
59-14. 

11.  Phase  of  the  same.    Same  place. 

12.  Hard  hematite.     N.  E.  ^  sec.  11,  59-14;  Mallmatin  mine. 

13.  Hard  hematite.     Sec.  18,  59-14;  Stone  shaft 

14.  Impure  hematite.     Near  same  place. 

15.  Quartzyte.  Aurora  pit;  probably  in  S.  E.  J  N.  E.  i 
sec.  24,  59-15.     (Missing). 

16.  Fine  grained  quartzyte.    Near  N.  line  of  sec  24,  59  15. 

17.  Pinkish  gabbro  from  boulder.  Sec.  24,  58-12;  island  in 
Seven  Beaver  lake. 

18.  Gabbro.     S.  W.  i  S.  E.  J  sec.  31,  54-13. 
18a.    The  same  with  magnetite.     Same  place. 

19.  Olivine  gabbro.  N.  W.  J  N.  W.  J  sec.  15,  54-13;  end  of 
portage  on  Cloquet  river. 

19a.     Phase  of  the  same  with  mnch  olivine.    Same  place. 

19b.     Phase  of  the  same.     Same  place. 

19c.     Rough-weathering  phase  of  the  same.     Same  place. 

20.  Olivine  gabbro.  Near  north  edge  of  N.  W.  J  sec.  15, 
54-18;  middle  of  portage  along  Cloquet  river. 

21.  Fine  grained,  micaceous  quartzyte.  Sec.  18,  59-U; 
StoQC  mine. 

22.  Jaspery  conglomerate.    Same  place. 

23.  Micaceous  slate.     Same  place. 

24.  Limonitic  shale.     Same  place,  top  of  shaft. 

25.  Magnetic    taconyte.    Below  last. 

26.  Dark,  slaty  taconyte.     Same  place. 

27.  Jasper.     Bottom  of  shaft. 

27a.     Purplish  taconyte.     Bottom  of  shaft. 

28.  Siliceous  shale.    N.  E.  of  shaft. 

29.  Hornblende  granite.     Near  Hinsdale. 

30.  Fine  grained  diabase  from  dike.  N.  edge  of  N.  E-  \ 
N.  E.  J  sec.  24,  55-12. 

30a.  Quartzless  porphyry.    Same  place. 

31.  Gabbro  near  dike.     Same  place. 

32.  Reddish,  mottled  dioryte.     Same  place. 

33.  Contact  of  diabase  and  gabbro.    Same  place. 
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34.  Mottled  dioryte  from  another  dike.    E.  edge  of  N.  E.  \ 
S.  E.  J  sec.  24,  55-12. 

35.  Olivine  gabbro  from  boulder.     N.  W.  \  sec.  24,  55-12. 

36.  Fine  grained,  red  syenite.    W.  line  of  sec.  23,  53-12;  in 
creele  bed. 

37.  Fine  grained,  red  syenite.    S.  line  of  sec.  36.  53-12. 
37a.     Pliase  of  the  same.     Same  place. 

38.  Fine  grained,  red  syenite,  not  in  place.     Near  Highland. 

39.  Dioryte.     N.  W.  J  N.  W.  ^  sec.  34,  53  12. 

40.  Coarse  grained,  olivine  gabbro.     N.  line  of  sec.  5,  54-13. 

41.  Coarse  grained  gabbro  from  boulder.      A  little  west  of 
the  last. 

42.  Coarse  grained  gabbro.      N.  E.  i  N.  E.  J  sec.  30,  53-14; 
southeast  shore  of  Boulder  lalie. 

43.  Coarse  grained  gabbro  with  long,  slender  feldspar  crys- 
tals.    N.  E.  i  sec.  18,  53-13;  falls  in  Cloquet  river. 

44.  Anorthosyte  from  boulder.  S.  E.  J  S.  E.  i  see.  19,  53-13; 
dam  in  Cloquet  river, 

44a.     Phase  of  the  same  with  darker  areas.     Same  place. 

45.  Coarse  grained  gabbro.      N.  E.  ^  sec.  36,  53-14;  rapids 
in  Cloquet  river. 

46.  Olivine  gabbro.     S.  E.  J  sec.  35,  53-14;  falls  in  Cloquet 
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VII. 

PRELIMINARY  REPORT  OP  A  RECONNOISSANCE 

IN  NORTHWESTERN  MINNESOTA  DURING 

1893. 


BY  J.  E.  TODD. 


ITINERA.RY. 

Having  been  met  by  my  assistant,  Mr.  H.  B.  Hovland,  at 
Minneapolis,  we  left  that  city  June  22d  for  Thief  Kiver  Falls, 
At  that  place  I  engaged  Mr.  J.  C.  O'Brien,  an  experienced 
"cruiser,"  to  accompany  us  on  a  trip  on  loot  through  the 
northern  parts  of  the  Red  Lake  Indian  Reservation,  completed 
my  outfit,  and  engaged  an  experienced  hunter  to  take  us  with 
his  team  to  an  old  hunting  camp  about  thirty  miles  northeast 
of  Thief  River  Palls.  My  purpose  was  to  keep  a  northeast 
course,  if  possible,  till  we  struck  the  survey  of  the  Duluth  and 
Winnipeg  railroad,  and  then  to  explore  the  so-called  "Beltrami 
island  of  lake  Agassiz."* 

We  left  Thief  River  Palls  June  26th,  and  Cook's  shanties  in 
N.  W.  i  of  sec.  19,  T.  156,  E.  3fl  (the  before  mentioned  hunter's 
camp)  on  the  morning  of  the  28th.  We  kept  a  northeast  course 
as  nearly  Eis  was  practicable  in  trackless  swamps  and  for  many 
miles  through  wind- falls  where  we  did  well  if  we  advanced  five 
miles  a  day.  Besides,  we  lost  some  time  on  account  of  rain. 
Failing  to  find  the  railroad  survey,  probably  because  its  trace 
was  obliterated  by  flre,  we  kept  our  course  till  we  struck  the 
Rainy  river  about  five  miles  above  its  mouth,  July  12th.  Hav- 
ing there  built  a  raft,  we  descended  the  stream  till  we  found 
settlers.  At  Hungry  Hall  we  bought  a  new  birch  canoe  and 
proceeded  to  the  Lake  of  the  Woods  and  along  its  southern 
shore-  to  Long  point     Thence  we  retraced  our  course,  going 

*n&rreD  Upham.  Id  Aiuerlcau  Qeologist.  vol.  xl.  pp.  4S3-4S9,  June,  IS93. 
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up  the  Bainy  river  to  Pinewoods  P.  O.,  where  we  took  the 
steamer  "Shamrock"  to  the  mouth  of  the  Big  fork,  proposing 
to  asceod  it  and  the  Sturgeon  river,*  its  main  western  branch, 
to  a  portage  into  the  Tamarack  river,  which  we  should  descend 
and  then  cross  Red  lake  to  the  Bed  Lake  Agency.  Owing  to 
misinformation,  we  ascended  the  wrong  one  of  the  numerous 
branches  of  the  Sturgeon  river,  and  somewhat  rashly  aband- 
oned our  canoe  not  far  from  the  northwest  comer  of  T.  154,  R. 
27.  Taking  our  packs,  we  traveled  southwest  and  west  to  the 
south  branch  of  Tamarack  river,  made  a  raft  but  found  the 
stream  closed  by  the  work  of  beavers,  and  then,  striking  a 
recent  land  survey  near  the  southwest  corner  of  sec.  24,  T.  154, 
R.  29,  we  followed  it  due  west  from  there  to  Red  lake  a  little 
south  of  the  mouth  of  the  Tamarack  river.  We  arrived  at  the 
Indian  village  at  "the  Narrows"  the  morning  of  August  3d. 
hired  a  canoe,  and  reached  Red  Lake  Agency  late  August  4th. 
Here  Mr.  O'Brien  left  us,  we  bought  another  canoe,  and  hired 
au  Indian  to  take  us  and  our  outfit  in  a  wagon  to  the  head  of 
Turtle  lake,  the  spot  which  Beltrami  considered  the  hydro- 
graphical  center  of  the  continent.  We  were  landed  at  this 
point  about  noon,  August  Stb. 

We  proceeded  down  Turtle  river  (making  two  long  portages 
above  Turtle  River  lake)  to  Cass  lake,  and  thence  went  up  the 
Mississippi  to  lake  Bemidji,  arriving  the  13th.  Thence  we 
■went  south  up  the  Schoolcraft  river  to  sec.  3,  T.  144,  R,  34, 
where  I  obtained  a  fine  view  of  a  wide  region  from  the  top  of  a 
high  spruce,  and  then  returned  to  Bemidji.  There  we  left  our 
canoe  stad  engaged  passage  with  a  settler  going  by  Barley's 
dam  and  How's  to  Fosston,  where  we  took  the  cars  on  the  22d, 
Mr.  Hovland  for  Minneapolis,  and  I  for  Park  Rapids,  via  Sauk 
Center. 

From  Park  Rapids  I  took  a  trip  along  the  new  railroad  grade 
to  Akeley  and  on  northeast  and  north  into  the  moraine  north 
of  Eleventh  lake  (the  head  of  the  Crow  Wing  river),  to  sec.  W, 
T.  142,  R.  32.  From  Park  Rapids  I  returned  to  Sauk  Center, 
then  took  a  fiying  trip  up  to  Northcote,  availing  myself  of  the' 
courtesy  of  the  Great  Northern  railway  company  to  see  the 
country  in  western  Marshall  and  Kittson*  counties.  I  arrived 
at  Minneapolis  August  2dth. 

I  met  many  intelligent  woodsmen  and  Indians  at  various 

times  who  gave  me  numerous  valuable  facts  regarding  the  re- 

■Called  Oplmaboaowla  river  by  Horace  V.  Wlncbell,  Blxleentb  Aaaual  Beport. 
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gion  I  have  been  studying,  thus  supplementing  to  no  incon- 
siderable deipree  our  personal  observations. 

SUMMARY  OF   PRINCIPAL  RESULTS. 

The  more  important  results  of  our  summer's  work  may  be 
enumerated  as  follows: 

1.  The  whole  area  traversed  till  we  reached  Red  lake  was 
sbaped  by  lacustrine  action.  Though  I  had  confidently  ex- 
pected to  find  areas  untouched  by  it,  and  having  the  commoo 
glacial  topography,  I  visited  none  which  did  not  show,  wherever 
above  the  marsh,  sandy  ridges  which  were  evidently  beaches. 
The  highest  point  found  was  an  abrupt  ridge  rising  about  40 
feet  above  the  swamp  surrounding  it,  I  have  little  doubt  that 
it  was  crossed  by  the  Duluth  and  Winnipeg  railroad  survey  be- 
fore spoken  of.  It  was  about  in  line  with  it  and  almost  the  only 
area  which  was  completely  burned  off,  and  that  quite  recently. 
The  ridge  was  quite  bouldery,  about  a  mile  long,  trendiog 
northeastward,  and  seemed  to  have  been  a  bar  detached  from 
land.  We  saw  higher  land  a  few  miles  west,  but  there  was  a 
wet  swamp  between  and  we  at  that  time  hoped  to  find  the  rail- 
road survey  farther  on  and  follow  it.  I  judge  that  much  of  tlie 
region  traversed  between  Ck>ok's  shanties  and  the  Rainy  river 
was  considerably  higher  thaa'those  points,  because  old  beaver 
dams  abounded  at  botb  ends  of  that  trip.  Much  of  the  country 
between  those  points  was  tamarack,  spruce,  and  cedar  swamps; 
but  toward  Rainy  river,  especially,  low  sand  ridges  1  to  5  feet 
high  abounded.  Among  these  ridges  it  was  noticed  that  the 
swamps  were  wetter  adjoining  the  south  side  of  each  ridge, 
which  was  accounted  for  by  supposing  a  gentle  descent  toward 
the  north.  The  only  stream  crossed,  which  was  at  a  distance 
of  about  fifteen  miles  southwest  of  the  Rainy  river,  had  a  width 
of  about  twelve  feet  and  a  depth  of  two  feet,  with  a  strong 
current  southeastward.  It  is  probably  a  branch  of  the  Rapid 
river. 

In  our  course  to  Rainy  river,  we  found  the  marsh,  though  al- 
most continuous,  yet  not  very  deep,  except  about  Mud  lake. 
which  is  in  Ts,  156, -Rs.  41  and  42,  where  there  are  extensive 
grassy  quagmires,  and  south  of  a  small  lake  said  to  be  the  head 
of  the  east  branch  of  Roseau  river  in  or  near  the  southwest 
corner  of  T.  159,  R.  33,  where  a  "muskeg"  covers  several 
square  miles.  Elsewhere  there  seemed  to  be  firm  sand  2  to  4 
feet  below  the  surface  of  the  moss.     We  tested  it  at  several 
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points.  Large  boulders  not  infrequently  rose  above  the  tnoss, 
even  in  ojjen  swamps.  On  our  return  from  Kainy  river,  we  did 
not  have  the  opportunity,  while  in  the  canoe,  of  noting  ttie 
country;  but  from  examination  at  several  point&i  and  by  the 
trees  and  the  frequent  rills  trickling  into  the  streams,  we 
judged  that  the  same  shallow  sphagnum  swamp  prevailed. 
Along  the  lower  course  of  the  Tamarack  river,  ea^t  of  the  north 
part  of  Red  lake,  we  found  alder  swamps  which  presented  more 
serious  hindrance,  with  deep  muddy  bog  holes.  These  were 
probably  connected  with  the  work  of  beavers. 

We  found  prairie  covering  most  of  the  region  from  Thief 
River  Falls  to  Cook's  shanties,  and  in  patches  to  the  northeast 
corner  of  T.  156,  R.  38,  also  a  considerable  area  10  or  12  miles 
from  Rainy  river,  where  a  swamp  had  been  burned  out  and 
prairie  grass  had  become  the  main  covering,  with  here  and 
there  willow  patches  around  the  nearly  consumed  remains  of 
cedars.  The  soil  was  rich,  the  ground  mostly  firm,  the  subsoil 
a  bouldery  clay.  This  suggests  that  most  of  this  region  may 
be  similarly  reclaimed.  No  very  large  patches  of  white  or  red 
pine  were  observed. 

2.  Of  the  higher  region,  named  by  Mr.  Upham  "Beltrami 
island,"  we  learned  some  facts  from  different  hunters.  We  at- 
tempted to  sift  their  stories.  The  higher  portion  of  it  is  said 
to  lie  between  the  head  of  the  War  Road  river  and  the  Kast 
Roseau,  I  judge  not  far  east  of  the  southeast  corner  of  Kittson 
county.  The  ridges  are  higher  toward  the  south  and  rise  "20 
feet  or  more  above  the  swamps  between."  They  trend  N.  £.- 
S.  W.  and  are  covered  with  pines.  One  ridge  is  five  miles  wide . 
No  lakes  were  noticed  Except  in  a  big  swamp  eight  or  nine 
miles  long  and  two  miles  broad,  north  of  the  higher  ridges. 
The  railroad  survey  runs  across  this  swamp  on  a  strip  which 
bears  tamarack. 

3.  Prom  Red  lake  southeast,  the  country  rises  quite  rapidly 
to  the  level  of  a  plateau  which  lies  on  the  divide  between  the 
Red  lake  region  and  the  Mississippi.  It  is  estimated  to  be,  in 
its  highest  portions,  about  300  feet  above  Red  lake.  It  is  largely 
covered  with  clayey  poplar  flats,  with  groves  of  pine  and  hard 
maples  interspersed.  It  abounds  in  lakes  and  has  few  eleva 
tions  except  in  connection  with  the  moraines  hereafter  to  be 
enumerated.  The  watershed  is  not  clearly  defined.  Former 
glacial  stream  channels  cross  it  in  several  places. 

4.  Several  moraines  were  crossed  in  our  course. 
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(a).  That  which  divideB  the  two  portions  of  Red  lake.  We 
have  no  important  notes  to  add  to  those  already  published.  We 
hoped  to  find  trace  of  its  extension  to  the  west,  but  failed  to 
discover  anything  decisive.  Probably  the  higher  portion  of 
"Beltrami  island"  and  the  ridge  between  Jadis  and  the  War 
Road  river  are  to  be  correlated  with  it,  the  intermediate  por- 
tions of  this  moraine  having  been  levelled  by  the  waters  of  lake 
Agassiz  as  tbey  were  dropped  from  the  ice-sheet  or  at  a  later 
stage.  We  were  unable  also  to  establish  the  extension  of 
this  ridge  much  to  the  east  of  Red  lake. 

( 6) .  Between  Red  Lake  Agency  and  Cass  lake  we  crossed 
four  well  defined  moraines,  with  a  less  prominent  one  between 
the  two  pairs  in  which  the  four  might  easily  be  grouped.  The 
first,  counting  from  the  north,  we  crossed  two  to  four  miles 
from  Red  Lake.  It  lay  along  the  upper  part  of  a  rather  abrupt 
rise  from  the  level  of  the  Agency.  Its  higher  portion  rose 
about  150  feet  above  the  lake.  It  presented  in  fine  form  the 
usual  basins  and  knobs,  but  the  latter  were  of  more  even  hight 
than  common  and  corresponded  approximately  with  the  level 
of  the  plain  just  south.  This  corresponds,  without  much 
doubt,  to  the  moraine  noted  last  year  north  of  Clearwater  laka 
running  east  across  Sandy  river,  and  perhaps  to  one  east  of 
Fosston,  trending  south.* 

(c).  After  crossing  a  quite  level  clayeystrip,  we  came  to 
the  second  moraine,  marking  another  slope  and  presenting 
similar  features  to  the  last,  about  eight  miles  from  the  lake 
and  reaching  up  to  225  or  250  feet  above  it.  This  corresponds 
to  the  moraine  crossed  last  year  south  of  Clearwater  lake,  and 
this  year  eastof  Popple,  or  about  "15  miles  east  of  Fosston." 
There  it  is  trending  south. 

(d).  About  two  miles  north  of  the  northwest  corner  of  T. 
148,  R.  33,  we  crossed  low  ridges  rising  10  to  20  feet  above  the 
surrounding  clayey  plain,  as  though  nearly  submerged  in  it 
They  trended  north  of  east.  Scattering  ones  a  little  farther 
north  were  also  noticed.  These  seem  to  correlate  with  a 
strip  near  the  Buzzle  lakes,  crossed  east  of  Bagley  dam, 
which  is  on  sec.  31.  T.  148,  R.  35.  perhaps  also  corresponding 
to  hills  west  of  Spain's  and  to  some  east  of  Upper  Rice  lake, 
which  is  on  the  west  side  of  T.  145,  R.  36. 

(e).  Another  well  developed  moraine  was  found  running 
eeist  and  west  along  the  north  line  of  Ts.  147,  Rs,  32  and  33. 
south  of  Turtle  River  lake  and  Turtle  lakes.     Some  hills  rose 

•Twenty-flret  Annual  Report,  pp.  73,  73. 
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60  feet  or  so  above  the  lakes.  This  correspoods  to  the  mo- 
raioic  belt  crossed  last  year,  and  again  this  year,  in  the  north 
part  of  T.  147,  R  35.  It  curves  southwest  and  south,  crossing 
Grant  creek  near  the  southwest  comer  of  the  same  township, 
and  running  southwest  of  the  Schoolcraft  river  into  Hubbard 
county.  Some  of  its  inaer  kuobs  lie  along  the  west  side  of 
lake  Marquette  and  rise  75  feet  above  it.  It  has  a  still  higher 
ridge  southwest  of  lake  Plantagenet.  It  seems,  according  to 
reports  of  woodmen,  to  correlate  with  a  strip  passing  Elbow 
lake,  east  of  Park  Rapids,  aad  said  to  continue  on  southeast  to 
Pillager. 

{/).  Another  well  developed  moraine  was  crossed  north  of 
the  lake  next  north  of  Cass  lake;  i.  e.  on  the  southeast  corner 
of  T.  147,  R.  31;  also,  where  the  Mississippi  flows  southward 
east  of  lake  Bemidji.  Thence  il  curves  more  south,  passing 
CEist  of  Schoolcraft  river,  and  between  lakes  Sheridan  and 
Kabekona,  thence  southeast,  south  of  the  latter,  and  on  east- 
ward south  of  Leech  lake,  where,  as  I  reported  last  year,  I 
believe  that  it  forms  a  re-entrant  angle  and  then  runs  south- 
ward west  of  Pine  lake  and  on  to  the  western  one  of  the 
morainic  strips  south  of  Gull  lake. 

These  correlations  are  of  course  provisional.  The  concep- 
tion which  was  suggested  last  year  seems  to  be  corroborated  by 
the  observations  of  this.  Its  main  features  are  ttiat  two  lobes 
of  the  ice-sheet,  one  occupying  the  Red  lake  region,  the  other 
the  basin  of  lake  Superior,  were  at  first  confluent,  but  after- 
ward becoming  reduced  first  deposited  the  moraine  (d);  that, 
later,  the  former  of  these  ice  lobes  accumulated  the  moraine  (c) 
on  its  south  margin,  and  the  other  (e)  on  its  northwestern 
margin.  Still  later  they  similarly  formed,  respectively,  (i>) 
and  (/},  each  contemporaneous  pair  of  moraines  being  fttrther 
apart  toward  the  southwest  and  probably  forming  a  sharp  re- 
entrant angle  ur  intei'lobate  moraine  toward  the  northeast. 

5.  Exposures  of  bed-rock  are  comparatively  rare.  Those 
observed  may  be  enumerated  as  follows: 

{a).  On  the  south  shore  of  the  Lake  of  the  Woods  three 
granite  points  run  out  into  the  lake.  The  first  on  the  west, 
named  Rocky  point,  was  visited  last  year.  Thesecondandlongest 
is  called  Long  point,  the  west  side  of  which  trends  N.  20°  W. 
(mag.)  and  consists  mostly  of  gneiss  which  dips  sharply  to  the 
northeast  The  rock  rises  about  20  feet  above  the  lake.  Stony 
point,  a  short  point  about  a  mile  east  of  the  last,  is  faced  with 
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gneiss  for  several  rods,  aad  is  said  to  have,  aboat  a  quarter  of 
a  mile  from  the  shore,  a  rocky  knob  rising  some  50  feet  above 
the  surrounding  country.  We  did  not  explore  it  on  account  of 
rain.     Several  rocky  iplets  appear  off  these  points. 

(6).  At  Zipple's  fishery,  near  the  mouth  of  Sand  creek,  is  a 
low  knob  of  dark  magnetic  -gabbro",  and  about  half  a  mile 
west  is  an  extensive  mound  of  a  similar  rock  rising  40  feet 
above  the  lake.  These  rocks  were  all  evidently  shaped  by  land 
ice,  though  glacial  strise  were  not  common.  The  few  noted  were 
east  of  south. 

(c).  No  .other  outcrops  were  found  tiir  we  reached '  Bapid 
river.  A  few  rods  above  its  junction  with  Rainy  river,  it  falls 
over  a  high  ledge  of  black  siliceous  schist  or  slate-  The  rock 
rises  about  30  feet  above  the  Rainy  river,  and  the  falls  are  per 
haps  20  feet  high.  A  ledge  of  magnetic  "gabbro"  with  granite 
juts  out  on  the  American  side  at  water  level  about  a  half  mile 
east  of  Rapid  river. 

Having  glanced  over  Dr.  Lawson's  report  on  the  Rainy  river 
region  to  the  Canadian  government,  and  Mr.  H.  V.  Wiuchell's 
account  in  the  Sixteenth  Annual  Report  of  the  Minn.  Geol. 
Survey,  I  forbear  saying  anything  further  about  other  rock  ex- 
posures on  the  Rainy  river  and  the  Big  fork. 

No  ledges  of  Paleozoic  rocks  were  found.  In  the  bed  of  a 
rapid  near  the  center  of  sec.  28,  T  148.  R.  32,  on  Turtle  river 
just  above  Turtle  River  lake,  I  found  the  bottom  of  the  stream 
covered  o^er  several  square  yards  with  limestone  pebbles  and 
calcareous  mud,  but  found  no  rock  in  position.  Mr.  Joseph 
Sombs  of  Park  Rapids,  who  has  spent  some  time  "cruising" 
and  also  on  a  claim  in  T.  150,  R.  31,  says  that  on  the  south  side 
of  Black  Duck  lake  there  is  much  limestone  along  the  stream 
for  six  or  seven  miles,  that  the  masses  of  stone  are  not  worn, 
and  that  the  south  bank  is  "50  to  60  feet  high." 

Black  Duck  river  is  represented  by  several  from  that  region 
as  the  main  stream  running  into  Red  lake.  Mr.  O'Brien  states 
that,  when  Red  lake  first  freezes  in  the  fall,  there  is  left  a  nar- 
row strip  of  open  water  reaching  from  the  mouth  of  Black 
Duck  river  across  the  south  part  of  the  lake  to  the  outlet.  Red 
Lake  river,  which  remains  open  considerably  longer  than  the 
rest.  I  regret  that  time  did  not  allow  me  to  ascend  the  east 
branch  of  Turtle  river  and  go  over  to  the  head  of  Black  Duck 
river  and  examine  what  is  spoken  of  as  one  of  the  most  pro- 
mising tracts  for  agriculture  in  that  part  of  the  state. 
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INTKODUCTION. 

The  field  season  of  1893  was  spent  by  the  writer  in  an  exam- 
ination of  portions  of  Itasca  county.  Mr.  H.  C.  Carel  of  the 
University  of  Minnesota  acted  as  topographer. 

The  plan  of  the  work  included  a  somewhat  carefal  survey  of 
two  special  areas  which  had  been  selected  by  the  State  Geolo- 
gist fdr  more  detailed  study,  together  with  as  thorough  a  re< 
connoissance  of  the  remainder  of  the  county  as  circumstances 
would  permit.     Particular  attention  was  to  be  given  to  the 
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region  between  the  Big  fork  and  the  Little  fork  of  Rainy  river. 

The  special  areas  covered  the  part  of  the  Mesabi  range 
lying  in  ItEisca  county,  and  included  about  three  handred 
square  miles.  The  topography  was  indicated  by  fifty  footcon- 
tour  lines  drawn  on  the  township  plats. 

When  the  work  on  these  areas  was  completed,  the  region 
lying  immediately  north  was  examined.  The  line  of  travel  was 
through  Wabano,  Trout,  Spider  and  Ruby  lakes  to  the  water- 
shed between  the  Mississippi  river  and  Hudson  bay,  which  vas 
crossed  in  T.  59-25.  The  region  about  the  headwaters  of 
Prairie  river  was  inaccessible  on  account  of  the  obstruction 
of  Prairie  river  by  logs.  Accordingly  the  trip  down  the  Big 
fork  or  Bowstring  river  was  next  undertaken.  It  was  ex- 
pected that  the  return  trip  would  be  made  by  the  Little  fork, 
but  the  water  was  found  to  be  so  low  that  this  route  bad  to  be 
abandoned  and  the  home  trip  made  by  way  of  Rainy  lake. 
Black  bay,  Kabetogama  and  Namekan  lakes,  and  the  Vermilion 
river. 

The  weather  was  exceedingly  favorable  for  field  work  daring 
the  summer.  The  low  stage  of  water  in  the  rivers  was  a  hind- 
rance to  travel,  compensated  for  somewhat  by  the  better  expos- 
ure of  some  rock  outcrops. 

The  whole  county  is  so  deeply  drift-covered,  in  all  but  the 
northeast  portion,  that  rock  exposures  are  few  and  far  between. 
Days  and  weeks  of  tramping  through  the  dense  brush  in 
search  of  outcrops  were  rewarded  only  rarely  by  finding  them. 

The  Big  fork  and  Little  fork  had  been  traversed  in  1887 
by  Mr.  H.  V.  Winchell,  and  although  he  made  a  very  rapid 
journey,  he  gathered  a  great  amount  of  information  aud  made 
many  valuable  observations,  besides  collecting  a  number  of 
rock  specimens.    His  notes*  were  of  much  advantage  to  me. 

TOPOGRAPHY. 

In  all  the  southern  and  central  parts  of  the  county,  so  far 
as  I  saw  it,  the  topographic  features  are  very  largely  due  to 
the  action  of  the  great  ice-sheet. 

Before  the  advent  of  the  ice  the  region  was  probably  a  le^-el 
one,  comparatively  speaking.  There  were  here  and  there 
ridges,  which  still  remain;  there  were  also  valleys,  which 
may  have  been  deeper  than  the  present  ones,  as  the  hills  were, 
no  doubt,  higher,  so  that  a  somewhat  stronger  relief  prevailed 
then  than  now. 

^Qeol.BDaSat,  HIat.  Surver  of  Hlnn.,  ISth  Ann.  Bept.,  tor  1687,  pp.  aOS-47B,  with  m»p- 
■         Dgilze..;,  Google 
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That  the  ice  covered  the  region  for  a  very  long  time  is  a 
necessary  result  of  its  great  southward  eztensioD.  Neverthe- 
less it  seems  to  have  changed  the  topography  rather  more  by 
filling  than  by  local  erosion.  Of  this  the  thick  mantle  of  drift 
is  evidence.  The  character  of  the  rocks  may  account  for  this 
fact,  but  the  ridges  of  soft  Cretaceous  rocks  seem  also  to  have 
withstood  the  action  of  the  ice. 

On  its  retreat  the  ice  seems  to  have  given  up  its  occupancy 
with  considerable  reluctance.  The  disposition  of  morainic  ac- 
cumulations indicates  many  halts  in  the  final  retreat. 

In  the  immediate  valley  of  the  Mississippi  a  considerable  belt 
of  stratified  drift  occurs.  It  forms  irregular  terraces,  which 
are  rarely  true  river  terraces,  being  sand  plains  formed  by  the 
wash  from  adjacent  moraines.  The  belt  of  this  material  varies 
from  one  to  five  or  more  miles  iu  width.  In  the  wide  places 
the  plains  often  slope  steadily  down  to  swamps. 

Plains  of  a  similar  character  are  found  in  the  valley  of 
Prairie  river  and  its  tributaries.  A  good  example  is  found  in 
the  region  of  Wabano  and  Trout  lakes.  The  east  half  of  T. 
57-25  and  the  east  two-thirds  of  T.  58-25  are  occupied  by  a  prac- 
tically continuous  plain,  separated  by  the  lakes  named  from  a 
moraine  running  roughly  parallel  with  the  plain.  In  both  these 
townships,  but  particularly  in  T.  58-25,  numerous  lakes  are 
sunk  deep  below  the  level  of  the  plain.  These  lie  nearly  at  the 
same  level,  so  that  while  the  surface  of  the  plain  rises  to  the 
north  the  water  level  in  the  lakes  is  maintained  and  their  sur- 
faces are  found  to  be  steadily  farther  below  the  surface  of  the 
plain  as  we  go  north.  In  the  southern  part  of  the  plain  they 
are  from  forty  to  fifty  feet  below  the  plain,  and  in  the  northern 
part  eighty  to  ninety  feet  below.  Many  of  them  have  no  out- 
lets. 

The  large  lakes.  Trout  and  Wabano,  as  well  as  half  a  dozen 
smaller  ones,  form  a  chain  extending  from  the  water  shed  in 
T.  59-25  to  Prairie  river.  This  chain  of  lakes  marks  the  posi- 
tion of  an  old  drainage  line  or  valley  in  the  expansions  of 
which  the  lakes  now  lie.  The  plain  just  noted  lies  immediately 
to  the  east  and  rises  from  fifty  to  ninety  feet  above  the  water. 
A  moraine  lies  close  along  the  west  side  of  the  valley. 

It  will  be  seen  that  the  water  in  the  chain  of  lakes  lies  very 
nearly  at  the  same  level  as  that  of  the  lakes  which  are  sunk  in 
the  plain. 

The  valley  is  narrow  and  somewhat  gorge  like  between  Trout 
and  Ruby  lakes  in  T.  58-25,  a  distance  of  a  mile  and  a  half.    Its         ■ 
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width  in  this  portion  is  a  g^uarter  of  a  mile  and  it  is  ninety  feet 
deep.     The  eastern  side  is  steep. 

In  all  the  rest  of  the  upper  part  of  the  valley  it  appears  to 
be  mature.  Clearwater  creek,  which  connects  Wabano  lake 
with  Prairie  river,  is  a  postglacial  stream.  The  old  valley 
was  filled  by  the  stratified  drift  below  Wabano  lake. 

I.-LAEES  AND  SWAHPB. 

Knobs  and  kettles  are  abundant  in  this  part  of  the  couoty. 
The  depressions  are  sometimes  dry  "kettles,"  but  more  often 
by  far  they  are  either  swamps  or  lakes,  both  of  which  are 
almost  innumerable  and  of  sizes  varying  from  a  f^w  rods 
across  up  to  lakes  several  miles  in  diameter  and  swamps  which 
cover  a  township. 

II.-PRE0LA0IAL  RIDOES  (OBETAOEOUS). 

Rising  above  the  morainic  accumulations  in  some  places  are 
various  hills  and  ridges,  some  fiat-topped,  more  oval,  and 
others  narrow  and  elongated.  The  morainic  hills  are  almost  al- 
ways sandy.  These  hills  are  always  clayey.  Very  few  boulders 
are  seen  and  the  coat  of  blue  clay  till  is  very  thin.  The  timber 
on  these  ridges  is  nearly  always  maple,  while  that  on  the 
other  hills  consists  of  birch  and  other  soft  wood. 

The  largest  of  these  ridges  is  found  in  the  southern  part  of 
T.  54-26,  southwest  of  Pokegama.  lake.  It  is  a  long  and 
rather  narrow  ridge  with  northeast  by  east  trend  and  rises 
three  hundred  feet  above  Pokegama  lake.  Its  north  flank  is 
covered  by  heavy  morainic  accumulations,  which  do  not  how- 
ever reach  its  summit.  They  abound  in  kettles  and  irregular 
depressions  often  seventy-five  feet  and  sometimes  more  than 
one  hundred  feet  in  depth. 

Another  hill  oval  in  shape  rises  one  hundred  and  fifty  feet 
above  Pokegama  lake  in  sections  22  and  23,  T.  55-26.  It  is 
like  the  ridge  just  noted  in  all  but  shape  and  elevation  and 
like  it  is  flanked  on  its  nurth  side  by  a  moraine. 

From  the  fact  that  these  hills,  of  which  these  two  are  types, 
are  apparently  of  blue  clay  at  the  surface,  and  from  the  further 
fact  that  in  shallow  cuts,  made  in  grading  logging  roads,  I 
found  what  I  think  was  Cretaceous  shale  in  small  fragments 
only,  I  am  of  opinion  that  they  will  prove  t^)  be  Cretaceous 
outliers  which  have  withstood  the  gnawing  of  the  streams  and 
the  grinding  of  the  ice  and  yet  endure  to  mark  the  former 
eastward  extension  of  the  great  Cretaceous  sea. 
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Viewing  the  topography  of  the  district  as  a  whole,  it  is  seen 
to  be  almost  eotirely  recent  in  origin.  Drainage  is  not  yet 
fully  established.  There  has  been  very  little  postglacial 
erosion.  The  precipitated  moisture  collects  in  the  numberless 
swamps  and  lakes  and  there  remains.  The  supply  is  only  a 
little  more  than  the  demands  of  evaporation  and  tlie  needs  of 
the  abundant  vegetation.  The  large  lakes  have  outlets,  but 
they  constitute  the  exception. 

The  northern  part  of  the  county  is  apparently  quite  level, 
especially  towards  the  west.  However,  less  was  seen  of  this 
portion  and  it  may  be  that  there  are  topographic  features  here 
not  now  known,  which  will  appear  when  the  timber  is  cleared 
away. 

It  is  not  improbable  that  the  suggestion  made  by  Mr.  H.  V. 
"Wincfaell,  that  this  region  lies  in  that  covered  by  lake  Agassiz, 
will  prove  to  be  correct.  Still  no  important  evidence  pro  or 
con,  was  collected  by  the  writer.  Careful  watch  was  kept  for 
indications  of  old  shore  lines  and  beaches,  but  none  were  seen. 
Sections  alon<  the  river  did  not  show  beds  which  could  be  at- 
tributed to  any  but  river  or  ice  action.  Through  T.  61  25  and 
T.  62-25  moraines  were  noted  crossing  the  river.  Beds  of 
sand  washed  down  from  these  moraines  are  common,  but  else- 
where only  clay  was  seen  along  this  stream  (Big  fork).  The 
banks  of  the  Little  fork  are  of  the  same  nature,  so  far  as  they 
were  seen  by  me. 

IIL-HODK  BA.31N  msTBlOT. 

The  topography  of  the  northeastern  part  of  the  county  is, 
in  many  respects,  quite  different  and  constitutes  a  distinct  dis- 
trict Going  up  Rainy  river,  we  pass,  at  the  Koochiching  falls, 
somewhat  abruptly  from  a  region  so  deeply  drift-covered  that 
rock  is  seen  only  in  the  beds  of  the  streams,  to  one  in  which  drift 
is  seen  only  in  depressions  in  the  uneven  rock  surface  or  along 
the  beaches  of  the  lakes.  Rock  bosses,  ridges  and  knobs  are 
everywhere,  but  they  seldom  rise  more  than  twenty  or  thirty 
feet  above  the  lakes,  until  the  region  about  the  mouth  of  the 
Vermilion  is  reached.  There  the  rock  masses  rise  to  perhaps 
one  hundred  and  fifty  feet  in  some  cases.  Till  is  scarce  until 
after  the  mouth  of  the  Pelican  is  passed,  going  up  Vermilion 
river;  at  that  point  the  drift  begins  to  thicken  again. 

The  county  is  thus  seen  to  be  separated  into  three  well  marked 
topographical  districts.  Roughly  speaking,  the  south  two- 
thirds  of  the  county  constitute  the  first  district.  Its  topography 
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is  mainly  moraiaic.  The  west  two-thirds  of  the  remainder  of 
the  county  is  an  alluvial  or  lacustrine  plain,  while  the  north' 
east  corner  belongs  in  the  district  of  bare  rocky  basios  and 
rocky  prominences. 

ROCK  SYSTEMS  OBSERVED. 

I.    POKEQAMA.  QUABTZVTE  (PEWABIC). 

The  first  rock  examined  was  the  quartzyte  at  Pokegama  falls, 
on  the  Mississippi. 

This  rock  appears  at  intervals  along  an  irregular  lineextend- 
ing  from  the  north  end  of  Pokegama  lake,  in  the  S.  W.  i  of  the 
N.  E.  i  of  sec.  23,  northeasterly  to  the  rapids  of  Prairie  river. 
Test  pits  show  the  continuation  of  this  rock  as  far  east  as  the 
east  line  of  T,  56-24,  where  it  passes  out  of  my  district  It  is 
not  known  to  outcrop  east  of  Prairie  river,  and  is  only  seen  in 
a  few  places  between  the  rapids  of  that  stream  and  Pokegama 
falls. 

It  is  a  flat  lying  rock  with  a  low  southerly  and  southeasterly 
dip,  and  seems  to  have  been  bowed  up  into  a  series  of  low  flat 
arches.  This  feature  is  more  noticeable  in  the  large  exposures 
near  Prairie  river. 

At  all  exposures  the  rock  appears  pinkish,  is  rather  fine 
grained  and  very  hard.  At  Pokegama  falls,  where  it  has  been 
quarried  to  some  extent,  the  rock  is  seen  to  have  been  origi- 
nally greenish  in  color.  The  reddish  coloration  is  due  to 
causes  external  to  the  rock  itself.  The  coloration  has  penetrated 
from  the  surface  and  from  all  fissures  and  joints  toward  the 
center  of  the  cubical  blocks  into  which  the  joint-planes  divide 
it.  In  some  cases  the  blocks  are  small  enough  so  that  the 
change  from  green  to  red  is  complete;  in  others  a  greenish  core 
is  surrounded  by  a  pinkish  shell,  which  varies  from  one  to  four 
inches  in  thickness.  Cross  sections  of  these  blocks  (figure  1) 
show  that  the  change  proceeded  from  all  sides. 
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Some  of  the  more  massive  beds  toward  the  base  of  the  section 
are  very  little  chaoged  in  color.  This  is  well  sees  Id  the  bed 
of  the  Prairie  river,  a  little  above  the  bridge  in  the  S.  E.  i 
of  gee.  34,  T.  56-25,  and  also  at  the  quarry  above  Pokegama 
falls. 

Besides  the  red  coloration,  considerable  iron  ore  is  found  in 
the  quartzyte  at  many  places,  apparently  always  in  the  upper 
portion  of  the  series.  The  character  of  these  upper,  ore-bear- 
ing strata  is  decidedly  different  from  that  of  Che  lower  beds. 
The  ore-bearing  rock,  when  seen  in  cross  section,  presents 
an  irregularly  banded  appearance;  the  layers  are  alternately 
sheets  of  ore  and  sheets  of  quartz.  As  seen  under  the  hand 
lens,  the  quartz  layers  show  no  grains;  the  structure  is  porous, 
and  the  quartz  is  usually  stained  red.  The  ore  sheets  vary  from 
ferruginous  quartz  to  a  very  good  ore.  Both  ore  sheets  and 
quartz  layers  are  exceedingly  irregular  and  are  often  inter- 
rupted or  cut  by  each  other. 


FlK.  2.— Haod  i 
lug  <>eeii  In  cnMs: 

This  irregularity  is  far  greater  than  any  that  could  have 
been  produced  by  the  slight  movements  which  have  affected  the 
containing  beds,  and  evidently  It  dates  from  the  formation  of 
the  ore,  whether  that  was  contemporaneous  with  the  formation 
of  the  containing  beds  or  not. 

The  study  of  a  large  number  of  thin  sections  of  this  rock  is 
necessary  to  determine  the  genesis,  both  of  the  ore  and  of  the 
quartz  layers. 

Whether  the  ore  was  deposited  at  the  time  of  the  coloration 
of  the  lower  beds,  or  not,  my  observations  do  not  determine. 
That  the  latter  process  was  long  subsequent  to  the  formation  of 
the  quartzyte  is  clearly  shown  by  the  fact  that  the  coloration 
proceeded  inward  from  all  joint-planes  toward  the  centers  of 
the  blocks,  as  already  explained.  This  could  not  have  I>een  the. 
case  if  the  rock  bad  not  already  become  indurated  and  jointed 


>yCOOglC 


104  TWENTY-SECOND   ANNUAL  REPORT 

before  it  was  bathed  Id  the  iron-bearing  solution  (which  seems 
to  have  come  from  the  sarface  and  not  from  below )  * 

It  is  of  conrse  possible  that  this  ferruginous  liquid  was  de- 
rived from  the  ore-bearing  portion  of  the  beds  at  a  time  long 
subsequent  to  the  deposition  of  the  ore.  Opportunities  for  a 
thorough  examination  on  this  point  are  not  yet  to  be  had.  The 
test  pits  are  only  sunk  to  the  surface  of  the  rock,  or  a  few  feet 
into  it,  as  the  ore,  if  found  at  all,  is  found  near  or  at  the  smv 
face  of  the  rock. 

In  places  the  quartzyte  is  somewhat  conglomeratic.  The 
pebbles  are  small,  not  larger  than  coarse  shot.  The  conglom- 
eratic layers  are  near  the  base  of  the  series. 

With  the  exception  of  the  iron  ore,  this  rock  very  closely  re- 
sembles the  Siouz  quart^zyte  of  southeastern  South  Dakota. 

The  quartzyte  was  nowhere  seen  in  contact  with  any  other 
rock. 

Near  the  dam  at  the  foot  of  Prairie  lake,  just  north  of  tbe 
quartzyte  exposure,  is  a  narrow  belt  on  which  are  thickly 
strewn  many  small  boulders  of  greenish-gray  sandstone.  No 
rock  like  it  is  exposed  anywhere  in  this  region,  at  least  I  was 
unable  to  find  any.  As  represented  by  the  boulders  it  is  a 
quartii  sandstone,  somewhat  micaceous,  of  only  moderately  firm 
texture  and  inclined  to  split  into  flags. 

It  gives  no  indication  whatever  of  the  presence  of  iron  oxide. 
Tbe  belt  on  which  the  boulders  lie  is  some  four  or  five  rods 
wide'.  Passing  across  this  belt  toward  the  quartzyte  area,  tbe 
sandstone  boulders  are  quite  abruptly  replaced  by  boulders  of 
quartzyte.  which  occupy  a  belt  perhaps  ten  or  fifteen  rods  wide, 
beyond  which  the  quartzyte  in  place  appears  in  oval  topped 
masses  here  and  there,  often  hidden  by  the  drift  but  showing 
fairly  well  all  the  way  to  the  river,  a  half  mile  southeast, where 
the  iron-bearing  beds  are  seen. 

It  was  my  impression,  while  on  the  ground,  that  beneath  the 
belt  of  quartzyte-boulders  the  quartzyte  lies,  and  that  under 
the  strip  covered  with  boulders  of  gray  sandstone,  beds  of  that 
rock  must  be  (making  due  allowance  for  the  southward  move- 
ment, due  to  ice  action). 

*  With  releranee  to  tbe  oDloration  of  lbs  qa&Ttzytn  it  la  obvious  tbat  Ibem  an  two 
wajB  In  which  Ibis  might  occur.  It  the  greenish  quBrtzyt«  contHlnB  Irou  in  ftcf  toni 
otber  than  tbe  tetrio  oxide,  then  simple  WPHtherlng  vould  produce  tbe  obuige  ooted. 
Nor  iB  there  anr  (acl  obaerrable  lu  the  fleld  tbat  mlllute*  against  thil  as  tb«  war  1° 
which  the  change  In  color  oecurred.  As  a  rule  the  red  coat  Is  as  flrm  as  tbe  greencort 
Microscopic  study  would  determine  tbls  point. 

Theoiher  wayot  accountlug  tor  the  color  obange  Is  Indicated  Id  the  body  of  tliii 
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Just  across  the  river  (north)  lies  a  body  of  granite.  Bonlders 
of  this  roclc  are  strewn  for  a  short  distance  to  the  south  of  the 
granite.  Then  comes  a  stretch  of  swampy  ground  in  which  no 
bonlders  can  be  seen,  and  after  that,  the  succession  before 
noted.  The  relaUons  of  these  roclcs  are  shown  by  the  section 
(figure  i 


L  sn,B\te;S. 

The  dupresnion  which  separates  the  granite  from  the  near- 
lying  quartzyte  indicates  the  removal  of  some  easily  destroyed 
rocic, — possibly  the  gray  sandstone,  possibly  some  other  roclt, 
no  traces  of  which  were  seen, — lying  )>etweeu  the  tough  gran- 
ite on  the  one  hand  and  the  hard  quartzyte  on  the  other.  No 
positive  evidence,  other  than  that  just  stated,  supports  this 
view  of  the  stratigraphic  relations  here  announced.  On  the 
other  hand,  nothing,  was  found  wluch  opposes  such  a  view. 

II.    FBAIBIB  KIVEB  GRANITE. 

This  rock  is  exposed  in  the  S.  E.  i  of  the  S.  E.  i  of  sec.  32 
and  also  in  sec.  33,'  and  very  abundantly  in  sec.  34.  T.  56,  G.  25. 
It  is  seen  to  lie  in  a  belt  parallel  to  the  quartzyte  just  described. 
It  is  a  fine  grained  gray  rock  with  some  gneissic  phases,  and  it 
contains  some  bodies  of  schist  which  were  taken  to  indicate 
that  the  granite  is  eruptive.  Its  surface  is  quite  uneven  and  is 
marked  by  roughly  parallel  ridges  or  corrugations,  which  mark 
lines  of  yielding  to  lateral  pressure.  These  run  in  the  direc- 
tion of  the  outcrop,  i.  e.,  northeast  and  southwest.  They  are 
not  high  but  are  noticeable  by  reason  of  the  incipient  folding 
or  bulging  up  of  the  rock. 

Thrust  planes  are  numerous  and  generally  have  either  verti- 
cal or  very  steep  dip. 

Nothing  like  bedding  was  observed  in  this  rock.  Its  rela- 
tion to  the  quartzyte  iias 'already  been  noticed.  The  dip  of  the 
latter  away  from  the  granite  shows  that  the  region  has  been 
slightly  uplifted,  either  by  a  general  movement  or  by  the  intru- 
sion of  the  granite.  In  T.  56-24,  in  the  N.  W.  i  of  sec.  9  and 
also  in  the  eastern  part  of  sec.  8,  outcrops  of  a  rock  very  similar 
to  the  granite  rock  at  Prairie  river,  occur  in  the  form  of  low 
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moundB,  two  in  number,  a  half  mile  apart.  The  one  in  6ec.  8 
is  low-lying  and  is  exposed  by  the  action  of  a  small  creek,  for 
perhaps  a  quarter  of  a  mile.  The  other  outcrop,  in  sec.  9,  is 
larger,  rising  perhaps  fifteen  feet  above  the  little  valley  to  the 
north.  No  other  rock  outcrops  in  this  township.  Test  pits 
one  mile  south  of  the  granite  encounter  the  conglomeratic 
phase  of  the  quartzyte,  with  very  little  ore.  A  half  mile  far- 
ther south  the  ore  is  found  more  abundant,  and  in  the  central 
and  eastern  parts  of  the  township  numerous  pits  have  been 
sunk  and  in  each  the  ore  bearing  rock  was  found. 

The  Diamond  mine  in  the  center  of  the  township  has  been  de 
veloped  enough  to  show  the  presence  of  a  considerable  body  of 
good  ore.  It  was  noticed  in  the  sinking  of  these  pits  that  the 
ore  and  rock  were  found  at  very  different  levels,  q.  g.,  one  was 
sunk  in  a  depression  in  the  top  of  the  highest  hill  in  the  town- 
ship and  another  at  the  foot  of  the  same  hill.  In  the  first  case 
the  ore  was  found  at  a  level  about  that  of  the  surface  of  the 
ground  at  the  second  pit.  In  the  latter  the  ore  was  quite  as 
far  below  the  surface,  which  shows  a  difference  of  level  in  the 
rock  surface  of  150  feet  in  an  eighth  of  a  mile. 

It  is  noteworthy  that  among  the  score  of  pits  in  this  town- 
ship not  one  seems  to  have  touched  the  granite.* 

Granite  was  reported  in  the  next  township  north  but  it  could 
not  be  examined. 

III.    DIORYTES  OP  THE  BIG  FORK  OR  BOWSTRING  BIVER. 

On  the  Big  fork  a  few  miles  above  the  mouth  of  Rice  river  a 
ridge  of  dioryteaboutfifty  yards  wide  crosses  the  river  running 
north  and  south.  The  river  runs  at  the  south  end  of  the  ridge 
and  then  makes  a  bend  and  cuts  squarely  across  it.  The 
greater  part  of  the  ridge,  which  rises  some  twenty  feet  above 
the  river,  is  on  the  left  bank.  Its  length  is  less  than  a  quarter 
of  a  mile. 

The  rock  is  a  rather  fine-grained  dioryte  with  possibly  some 
granitic  phases.  Quartz  and  colorless  feldspar  are  the  chief 
minerals.  At  the  upper  end  of  the  exposure  some  reddish 
feldspar  was  seen. 

A  small  dike  of  greenstone  cuts  ttte  dioryte  and  runs  N.  W. 
by  W.  Up  the  river  some  two  hundred  yards  from  the  south 
end  of  the  dioryte,  a  low  exposure  of  a  dark  basic  rock,  which 
looks  a  little  like  a  gabbro,  rises  about  three  feet  above  the 
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water  at  its  very  low  stage.  This  may  prove  to  be  dioryte  also 
but  is  decidedly  basic.  No  contact  of  it  with  the  dioryte  coald 
be  fonad;  nor  could  any  extension  of  the  latter  be  discovered 
iu  the  woods  on  either  banlc.  Five  miles  down  the  river  an- 
other small  body  of  dioryte,  macroscopically  indistinguishable 
from  the  exposure  just  noted,  is  found  crossing  the  stream  and 
disappearing  in  the  banks.  One  hundred  and  fifty  yards 
farther  down  is  another  mass  of  the  same  rock.  This  rock  is 
black  on  the  surface,  but  it  may  be  that  this  is  the  result  of  its 
being  covered  by  the  stream  at  high  water. 

Perhaps  five  miles  farther  down  the  river  is  another  body  of 
the  same  rock.  It  shows  in  the  bed  and  on  the  right  bank  of 
the  stream.  A  number  of  large  boulders  four  to  six  feet  in 
diameter,  apparently  broken  from  this  ledge,  lie  in  the  edge  of 
the  river  and  on  the  bank  close  to  the  solid  rock.  Their  upper 
surfaces  are  striated  and  the  strise  are  parallel  on  the  separate 
boulders  and  with  those  on  the  moutonn^ed  surfaces  of  the 
ledge. 

IV.    DIOBYTE  AT  KOOOHIOHISa  FALLS. 

The  Koochiching  falls  of  the  Rainy  river  are  due  to  a  ridge  of 
quartz  mica  dioryte  which  is  crossed  by  the  stream  about  three 
miles  below  the  outlet  of  Kainy  lake.  This  rock  forms  the  Amer- 
ican shore  for  a  mile  below  the  falls,  below  which  are  two  good 
sized  islands  of  the  same  rock.  It  may  appear  farther  down 
OQ  the  Canadian  bank,  but  does  not  show  itself  on  the  U.  S. 
side.  This  ridge  of  dioryte  lies  in  the  midst  of  a  great  body  of 
mica  schist*  [Coutchiching  of  Lawson]  through  which  it  has 
been  intruded.  As  evidence  of  this,  many  fragments  of  the 
schist  of  varying  size  are  to  be  seen  embedded  in  the  dioryte. 

Its  character  is  better  seen  on  the  two  islands  than  else- 
where. On  fresh  surfaces  it  appears  as  a  light  gray,  rather 
coarse-grained  rock  made  up  of  quartz,  plagioclose,  microcline 
and  biotite.  On  weathered  surfaces  the  color  is  faintly  reddish, 
and  large  crystals  of  feldspar  stand  up  prominently  from  the 
surface,  giving  a  porphyritic  appearance  to  the  rock  not  seen 
in  the  fresh  sections.  At  the  upper  end  of  the  lower  island  a 
true  porphyritic  phase  of  the  rock  is  seen.  It  changes  notably 
in  color  and  becomes  finer  in  grain.  ,  At  the  upper  end  of  the 
upper  island  a  gneissic  phase  appears. 

•Classed  by  Dr.  A.  0.  Lawaon  as  a  uilcaayenlW  gneiss.  Report  on  the  Oeology  of  (he 
Kalny  Lake  Keglun.  p.  IM  F.  (Oaol.  and  Nat.  HUt.  Survey  of  Canada.  Annual  Report, 
new  series,  voL  iii.  for  1887-86,  Part  F.) 
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A  greenstone  dike  cuts  the  dloryte,  passing  through  the 
upper  island  and  then  to  the  American  shore,  along  which  it 
was  traced  tor  a  mile,  or  to  the  falls,  where  it  crosses  the  river 
and  disappears  on  the  Canadian  aide.  Like  the  dioryte,  its 
trend  is  nearly  east  and  west.  It  varies  in  width  from  three  to 
ten  feet.    It  is  probably  a  diabase. 

The  dioryte  is  clearly  younger  than  the  schists,  and  the  dia- 
basedike  is  still  more  recent.  Later  still  slight  movements  of 
these  rocks  have  occurred,  which  have  opened  small  fissures 
on  the  American  shore  and  produced  slight  dislocations  which 
are  shown  in  the  schists  and  also  in  the  diabase  dike. 

V.    THE  GBEENSTONES. 

These  appear  in  two  distinct  types,  which,  however,  shade  or 
merge  into  each  other  in  such  a  way  as  to  make  it  often  doubt- 
ful whether  one  is  dealing  with  one  or  the  other  of  the  types. 
When  they  appear  as  dikes,  as  they  often  do,  they  are  of  course 
plainly  and  purely  eruptive.  Also  they  may  be  and  are  found 
in  such  condition  as  to  make  it  certain  that  we  have  to  do  with 
beds  of  consolidated  tuffs.  But  again  they  are  found  in  such 
condition  that  it  is  not  possible  to  say  to  which  class  they  shall 
be  assigned.  Along  the  Big  fork  these  rocks  constitute  the 
chief  exposures  between  Rice  river  luid  Big  falls.  These  ex- 
posures are  mainly  low  oval  mounds  or  moutonn6ed  surfaces 
from  which  the  river  has  removed  the  drift.  No  other  rock  is 
found  associated  with  them.  In  T.  61-25  the  greenstone  forms 
considerable  hills,  fifty  or  sixty  feet  high,  and  eztecdiug  for 
several  miles .  From  the  foot  of  Rice  River  rapids  on  the  Big 
fork  to  Little  falls  no  rock  but  greenstone  is  exposed,  but  the 
intervals  between  exposures  are  so  great  there  is  plenty  of 
room  for  other  rocks.  At  the  Little  falls  the  river  pours  over  a 
large  mass  of  greenstone  which  here  shows  nearly  all  gradations 
of  that  rock.  Some  of  it  seems  from  a  microscopic  examination 
to  be  eruptive.  Other  portions  appear  more  like  tuffs.  No  other 
rock  occurs  here.  A  fracture  was  noted  running  across  the 
exposure. 

Two  miles  down  the  river  a  small  mound  of  .greenstone  is 
seen.  This  is  the  last  noted  except  in  the  form  of  dikes.  These 
will  be  noticed  in  describing  the  beds  cut  by  them.  At  two  ex- 
posures, one  near  the  mouth  of  Deer  river  and  the  other  a  mile 
up  that  stream,  pebbles  or  amygdules  of  quartz  up  to  two 
inches  in  diameter  were  noticed  in  the  greenstone.  They  have 
a  little  elongation  which  was  thought  to  be  due  to  squeezing. 
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These  rocks  with  the  intruded  granites,  etc.,  constitute  an 
immeose  series,  extendlD^,  on  the  Big  fork,  from  a  point 
about  twelve  miles  by  river  below  the  Little  falls  to  within  fif- 
teen miles  of  Rainy  river.  The  exposure  is  by  no  means  a 
contiauons  one  for  the  drift  is  deep  all  the  way  down  this 
stream,  but  erosion  has  uncovered  the  roclt  in  places  enough 
to  indicate  the  continuity  of  the  beds.      On  the  Little  fork  ■ 

mica  schist  was  found  within  four  miles  of  the  Rainy  river, 
wliile  on  Rainy  lake  the  rocks  are  exposed  in  almost  continuous 
section.  Dr.  Lawson*  estimates  their  thickness  on  Rainy  lake 
at  four  and  a  half  miles. 

The  first  exposure  of  these  schists  is  about  twelve  miles 
below  Little  falls.  The  river  runs  la  the  schists  for  about  an 
eighth  of  a  mile.  The  rock  stands  up  ten  or  twelve  feet  above 
the  water.  Two  or  three  moutonn^ed  surfaces  appear  in  the 
stream  rising  from  one  to  three  feet  above  very  low  water. 

The  rock  seems  to  be  composed  almost  wholly  of  biotite  ^nd 
quartz.  The  dip  and  strike  were  somewhat  doubtfully  made 
out  by  means  partly  of  quartz  leases  which  were  thought  to 
indicate  the  bedding  planes,  and  partly  by  means  of  a  thin  bed 
of  green  rock  which  was  taken  to  be  tuff. 

As  thus  determined,  the  dip  is  some  30°  or  40"  west  of  north 
at  an  angle  of  perhaps  85°,and  the  strike  east  30°  or  40"  north. 

The  schists  are  cut  by  a  dike  of  greenstone,  probably  diabase, 
near  the  middle  of  the  outcrop.  It  is  twelve  feet  wide  and 
strikes  sonth  40°  east  * 

Near  the  lower  end  of  the  exposure,  in  close  proximity  to  the 
supposed  tuff  bed,  an  intrusion  of  granite  is  seen  on  the  right 
bank.  It  is  here  twenty  feet  wide.  On  the  opposite  bank 
twenty  rods  away  a  narrow  one  foot  vein  of  the  same  rock  is 
seen.  It  is  fine  grained,  light  colored,  slightly  greenish,  and 
extremely  brittle. 

At  Big  falls  is  a  still  larger  exposure  of  mica  schist  veined 
with  granite  over  which  the  river  tumbles  in  a  series  of 
cascades  falling  about  thirty  feet  in  a  quarter  of  a  mile.  Here 
the  schists  strike  8°  or  10°  south  of  east,  but  with  local  varia- 
tions caused  by  the  intrusion  of  the  granite  in  the  form  of 
veins,  sheets,  bosses  and  dikes. 

Two  of  these  granite  masses  have  flexed  and  contorted  the 
schists  in  a  very  complex  fashion.  The  dip  is  nearly  vertical 
except  where  locally  modified  by  the  granite. 

■Report  on  theOeolog;  ot  tbe  Kalny  Lake  Region,  p.  103  F. 
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A  dike  of  greenstone  eighty  feet  wide  cuts  the  schist  parallel 
with  the  strike,  near  the  head  of  the  rapids.  The  schists  are 
not  notably  changed  at  the  contact  with  the  dike.  The  granite 
sheets  are  very  numerous.  They  run  parallel  with  the  strike 
of  the  schist  and  vary  in  thickness  from  less  than  one  quarter 
of  an  inch  to  ten  feet.  The  larger  sheets  do  not  follow  the 
bedding  of  the  schist  very  closely.  They  often  show  gneissic 
phases.  This  exposure  extends  for  two  miles  along  the  river, 
but  could  not  be  found  in  the  wood's  above  the  immediate 
valley. 

A  half  mile  below  the  mouth  of  the  Sturgeon  river — six  miles 
from  Big  falls  by  river — mica  schists  veined  with  granite  again 
appear.  Apparently  the  same  rock  is  seen  at  intervals  in  the 
river  for  twenty-five  miles,  always  with  a  very  steep  dip  to  the 
north  and  with  strike  varying  from  east  and  west  to  southeast- 
northwest. 

In  the  bed  of  Rainy  river  three  miles  below  the  falls  a  bed  of 
fine-grained  very  hard  mica  schist  is  seen.  It  has  a  dip  of  85° 
to  the  north  and  strikes  east  and  west.  Exposures  of  similar 
rock  are  found  to  within  a  mile  and  a  half  of  the  falls.  Here  it 
has  been  invaded  by  a  large  ridge  of  dioryte  which  has  appar- 
ently carried  it  up  so  far  that  weathering  and  erosion  have  re- 
moved it,  exposing  the  dioryte, 

Four  miles  up  the  Little  fork  an  exposure  of  mica  schist  of 
the  same  hard  fine-grained  type  is  seen  crossing  the  river  from 
northeast  to  southwest.  This  is  also  the  direction  of  the  strike. 
Dip  vertical.  * 

Above  Ft.  Francis  at  the  Koochiching  rapids,  along  the 
route  through  Rainy  lake,  Black  bay,  Kabetogama,  Na- 
mekan  and  Sand  Points  lakes,  and  far  up  the  Vermillion  river, 
the  schists  were  seen,  sometimes  free  for  long  stretches  from 
any  intruded  rock,  and  again  seamed  in  every  direction  witli 
granite. 

There  was  usually  a  gradual  increase  in  the  abundance  of  the 
granite  until  it  became  the  predominant  rock,  then  in  passing 
along  the  reverse  conditions  obtained  until  the  simple  schist 
was  all  that  was  to  be  seen. 

No  detailed  work  was  done  in  this  most  interesting  region, 
the  time  having  been  consumed  in  literally  "beating  the  bush" 
in  search  of  outcrops  farther  southwest  in  the  region  so  thickly 
drift-covered  that  only  rarely  was  the  search  rewarded  with 
anything  but  negative  results. 
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GLACIAL  PHENOMENA. 
I.    THE  TILL. 

With  some  local  exceptions,  the  till  of  the  district  is  sandy, 
often  gravelly.  There  ia  a  notable  scarcity  of  large  boulders, 
in  fact  of  boulders  of  any  size  except  in  cases  to  be  hereafter 
specified. 

The  drift  thins  steadily  to  the  northeast,  so  that  by  the  time 
the  southeast  end  of  Rainy  lake  is  reached  only  the  depressions 
in  the  rocks  are  covered  by  drift. 

T.  54-26  is  one  of  the  exceptions  in  that  it  is  nearly  all  cov- 
ered by  a  blue  clayey  till.  This  iy  doubtless  due  to  the  pres- 
ence of  the  hills  referred  to  on  a  previous  page  as  possibly 
Cretaceous.  There  is  evidence,  in  the  shape  of  fragments  of 
shale  and  pieces  of  lignite,  that  considerable  areas  of  Creta- 
ceous clays  were  to  be  fonnd  in  this  region  at  the  time  of  the  ice 
invasion.  Blue  clay  lies  under  the  till  in  many  places  in  the 
southern  part  of  the  county.  It  was  also  noted  along  the  Mis- 
sissippi as  underlying  the  sand  and  silt  on  the  river  bank  from 
Grand  Rapids  to  the  swamp  below  Blackberry  station. 

No  clayey  till  was  noticed  except  in  the  immediate  neighbor- 
hood of  high  nonihorainic  hills  and  ridges. 

II.    MORAINES. 

A  tolerably  well-marked  and  continuous  moraine  enters  this 
district  in  the  southwest  corner  of  T.  54^26  and  runs  northeast 
by  north  through  three  towuships,  leaving  my  territory  in  the 
northeast  comer  of  T.  66-24. 

The  Mississippi  river  cuts  this  moraine  two  miles  west  of 
BlackDerry  station  in  the  northwest  corner  of  T.  54-24.  At 
this  point  the  morainic  hills  rise  one  hundred  feet  above  the 
river.  [A  sand  plain  (overwash  plain)  lies  along  the  east  side 
of  the  moraine  in  T.  54-24  and  the  southern  part  of  T.  55-24.] 

Four  miles  north  of  the  river  the  highest  point  of  the  moraine 
rises  three  hundred  feet  above  Trout  lake,  in  sec.  18,  T.  55-24. 

Somewhat  disconnected  morainic  accumulations  extend  from 
the  southern  boundary  of  T.  54-26  north  through  at  least  six 
towuships  wbere;they  pass  into  a  region  not  visited. 

The  frequent  interruptions  almost  invariably  transfer  the 
moraine  to  the  west,  so  that,  while  the  segments  trend  about 
northeast  by  north,  the  moraine  as  a  whole  extends  nearly  due 
north. 

This  moraine  has  its  strongest  development  in  the  southern 
half  of  T.  54-26,  on  the  northwest  flank  of  the  high  ridge  of  sup- 
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posed  Cretaceous  beds.  It  is  also  well  developed  in  the  north- 
eastern part  of  T.  56-24. 

Along  both  these  moraines  knobs  and  kettles  are  often  well 
shown.    The  latter  are  in  some  cases  one  hundi-ed  feetdeep. 

One  peculiar  kettle  is  worth  noting.  It  is  in  the  top  of  the 
highest  hill  in  T.  56-24,  in  sec.  21.  The  hill  is  about  one 
hundred  and  fifty  feet  above  the  little  stream  near  its  base,  and 
is  quite  separated  from  the  adjacent  hills.  The  kettle  simulates 
a  crater  very  closely.  It  occupies  nearly  the  whole  top  of  the 
hill,  is  about  sixty  feet  deep  and  fifteen  rods  across  the  top  of 
its  narrow  rim.  The  till  is  gravelly  and  quite  bouldery.  The 
boulders  are  well  rounded  and  some  of  them  well  travelled. 
This  is  the  only  case  that  has  come  under  my  observation,  of  a 
large  kettle  in  the  top  of  an  isolated  hill. 

III.    BOULDER  BEDS. 

The  scarcity  of  boulders  in  the  till  has  already  been  noted. 
In  one  little  area  near  the  granite  outcrop  in  T.  56-24  boulders 
were  quite  plentiful  and  some  were  of  good  size;  but  in  all  the 
rest  of  the  district  the  till  was  found  to  contain  but  few  boulders. 

Whoever  makes  a  canoe  journey  along  either  the  Big  fork 
or  the  Little  fork  in  low  water  is  not  likely  to  complain  of  the 
infrequency  of  boulders  in  the  bed  of  the  stream.  Scattered 
boulders  here  and  there,  more  abundant  than  in  the  till,  were 
to  be  expected.  But  that  by  no  means  tells  the  story.  AX  all 
too  frequent  intervals  the  streams  cross  thick  beds  of  lioulders 
which  extend  in  trains  for  unknown  distances.  In  one  case 
on  the  Big  fork  the  same  train  was  crossed  three  times  in 
successive  bends  of  the  stream.  They  often  occupy  the  bed 
of  the  stream  for  two  miles  at  a  stretch,  but  in  such  cases  it  is 
probable  that  the  stream  crosses  tne  boulder  train  obliquely. 
On  the  Big  fork  these  beds  of  boulders  were  first  encountered 
about  ten  miles  above  the  mouth  of  Rice  river,  and  they  were 
found  at  intervals  all  the  way  to  within  fifteen  miles  of  Rainy 
river.  The  number  of  tne  boulders  is  astonishingly  great. 
In  some  instances  the  river  nearly  disappears  in  the  mass  of 
boulders.  More  frequently  it  forms  rapids,  (>uite  unfavorable 
to  canoe  navigation  in  low  water.  At  the  places  where  these 
boulder  beds  were  found  the  country  was  almost  invariably 
level.  Exceptions  to  this  are  found  in  the  vicinity  of  Deer 
river.  There  are  no  indications  of  the  presence  or  proximily 
of  a  moraine.  There  are  no  signs  of  a  rock  outcrop.  There 
are  no  boulders  on  the  banks  of  the  stream.    They  seem  to  be 
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confined  to  levels  not  fat  above  that  of  the  water.  Whether 
these  boulder  trains  mark  the  position  of  earlier  moraines 
from  which  the  other  material  has  been  removed,  or  whether 
they  are  combings  from  the  bottom  of  the  ice-sheet,  I  am  unable 
to  Bay.  But  from  the  extension  of  the  belts,  and  from  the  fact 
that  where  outcrops  occur  no  such  boulder  beds  are  found,  and 
from  the  further  fact  that  just  above  Deer  river  where  a 
moraine  crosses  the  -stream  boulder  beds  do  occur,  I  incline  to 
the  former  view. 

IV.    OLACIAL  STRI^. 

The  following  table  gives  the  results  of  observations  on  the 
direction  of  strisQ,  as  noted  by  me,  referred  to  the  magnetic 
meridian : 

At  Pokegwaa  falls S.  60"E. 

At  Prairie  Birer  rapids S.  4"  to  10°  E. 

On  Big  fork  above  Rice  river,  T.  61-26 E.  IS'-S. 

On  Big  furk  above  Bice  river,  40  rod  a  down  stream E. 

On  Big  fork  below  Rice  river,  T.  81-26 ....E.  11°  S. 

On  Big  fork  below  Rice  river,  T- 61-25 E.  15"  to  45*8. 

On  Big  fork  above  Deer  river,  T.  H2-25 E.  toE.  10°S, 

On  Big  fork  above  Deer  river,  T.  82-25 E.  10"  S. 

On  Big  fork  at  Little  falls 8.  12"  to  18°  E. 

On  Bfg  fork  12  miles  below  Little  falls K.  10°  to  22"  S. 

On  Big  fork  at  Big  falls E. 

On  Big  fork  below  Sturgeon  river S.  34°  E. 

On  JBlg  fork  12  miles  below  Big  falls E  18°  to  22°  S. 

On  Big  fork  25  miles  below  Big  falls S.  34°  W. 

On  Little  fork  4  miles  above  Rainy  river S.  4^  W. 

On  Rainy  river  21  miles  below  Ft.  Francis S.  30°  W. 

On  Rainy  rtver  li  milea  below  Ft.  Francis S.  30°  W. 

On  Kabetugama  lake  near  Black  bay S.  42°  W. 

On  Xamekan  lake,  west  end S.  30°  W. 

Oo  Sand  Points  lake,  10  miles  from  Vermilion  river ....S.  12°  W. 

At  Tower,  soutbof  Vermilion  lake 8.  8°  W. 

Some  interesting  tacts,  relative  to  the  direction  of  the  ice- 
movement,  are  brought  out  by  a  study  of  this  table.  It  is  seen 
that  there  is  a  broad  belt  in  which  the  movement,  as  indicated 
by  the  strife,  was  to  the  east  of  south  instead  of  west  of  south, 
as  would  be  expected  from  previously  observed  strias  along  the 
north  coast  of  lake  Superior  and  along  the  takes  on  the  Inter- 
national boundary.  The  abrupt  change  from  southeast  to  - 
southwest,  as  shown  on  the. Big  fork,  is  certainly  suggestive, 
is  view  of  the  fact  that  the  region  is  a  very  level  one  so  that 
local  topography  can  hardly  be  appealed  to  for  an  explanation. 
Hardly  less  looked  for  is  the  lessening  of  the  westerly  move- 
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ment  noted  in  passing  from  Namekaa  lake  to  Vermilion  lake. 
Bince  the  course  is  directly  toward  lake  Superior.  So  far  aB  I 
am  aware,  no  suggestion  of  a  cause  for  an  easterly  movementof 
the  ice  in  this  region  has  been  made  by  any  one.  In  fact,  I 
think  it  has  been  generally  supposed  that  the  movement  to  the 
southwest  along  lake  Superior  and  along  the  lakes  of  the  Inter- 
national boundary,  as  far  at  least  as  to  the  Lake  of  the  Woods, 
necessitated  a  parallel  movement  in  the  district  lying  between 
these  two.  That  such  was  not  always  the  case  is  shown  by 
the  evidence  here  recorded. 
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ITINEEARY. 

The  writer  began  his  field  work  at  the  towc  of  Virginia,  in 
St.  Louis  county,  where  be  arrived  June  9,  1893,  June  23d,  he 
was  joined  by  a  competent  assistant,  Mr.  R.  P.  Johnston  of  St. 
Paul,  who  remained  with  him  throughout  the  rest  of  the  sea- 
son. Later  in  the  summer,  the  change  in  the  methods  of 
work  made  it  necessary  to  secure  another  assistant,  and  Mr. 
N.  J.  Cavanaugh  was  engaged  at  Mountain  Iron,  and  contiaued 
in  the  employ  of  the  survey  from  August  14  to  November  7. 

During  the  first  part  of  the  season  it  was  convenient  to  make 
headquarters  at  towns  and  mining  camps,  along  the  Mesabi 
range,  and  from  there  to  explore  aud  map  the  surrounding 
country.  Soon  after  my  arrival  the  town  of  Virginia  was  de- 
stroyed by  a  forest  fire,  and  during,  the  rest  of  my  stay  in  the 
vicinity,  I,  with  many  others,  was  indebted  to  the  generous 
hospitality  of  Mr.  R.  B.  Green.  On  June  27  we  went  to  the 
mining  town  of  Eveleth,  in  sec.  31,  T.  58-17,  where  we  made 
our  headquarters;  from  Eveleth  the  next  move  was  to  McRin- 
ley;  from  McKinley  to  BIwabik;  and  from  Blwabik  to  Mono- 
tain  Iron.  Having  at  length  completed  the  survey  of  the  Me- 
sabi in  ranges  16-19  west,  a  reconnoissance  of  the  country  to* 
the  north  was  undertaken.  The  services  of  Mr.  Cavanaugh 
were  secured,  and  on  August  15  our  party  of  three  left  Moun- 
tain Iron  on  foot,  with  a  tent,  camping  outfit,  and  two  weeks' 
provisions  in  our  packsacks.  Our  route  lay  along  the  trtul  on 
the  line  between  ranges  18  and  19,  which  we  followed  withoat 
difficulty,  save  in  one  case  where  a  detour  into  T.  60-19  is 
made,  and  where  nearly,  two  days  were  spent  in  finding  it. 
This  brought  us,  in  the  northern  part  of  T.  61-18.  to  the  Stur- 
geon river  road,  which  runs  west  from  Tower  to  Sturgeon 
river.    This  we  followed  into  Tower. 

After  some  slight  examination  of  the  vicinity  of  Tower,  two 
canoes  were  bought,  and  we  left  tlie  towo  August  30  and  made 
our  way  up  the  Pike  river.  The  portages  upon  the  upper  pari 
of  this  stream  have  been  disused  for  some  time,  so  that  pro- 
gress WHS  somewhat  dif&cult,  and  the  old  portage  to  the  £m- 
barras  lakes  was  passed  by  unnoticed.  We  therefore  kept  on 
till  we  reached  the  county  road,  a  few  miles  west  of  Merritt 
From  this  point  a  portage  was  made  to  the  Embarras  lake  at 
Merritt. 

In  order  to  gain  some  idea  of  the  country  lying  south  of  the 
Mesabi  range  and  north  of  the  immediate  vicinity  of  Carlton 


STATE  GEOLOGIST.  117 

county,  our  party  set  out  agaiD  from  Merritt  September  3th, 
and  canoed  down  through  the  Embarras  lakes  and  Esquagama 
lake,  through  the  Embarras  river  to  the  St.  Louis  river  and 
down  this  latter  stream  as  far  as  the  crossing  of  the  Dulubh, 
Missabe  and  Northern  railroad,  at  Albert.  Some  attempt  was 
made  to  follow  this  river  further  down,  but  passage  became 
progressively  more  difScult,  on  account  of  log  jams,  and  the 
country  was  so  unpromising  for  discoveries  of  geological  im- 
portance that  it  seemed  wise  to  turn  hs^ck.  At  Albert,  therefore, 
canoes  and  camp  furniture  were  loaded  into  a  train  and  carried 
to  the  crossing  of  the  White  Face  river,  at  Kelsey.  From  here 
an  expedition  was  made  up  the  White  Face  river  for  some 
twenty-five  miles,  and  back  to  the  same  point  After  this  trip 
the  canoes  were  disposed  of,  and  the  rest  of  the  season's  work 
was  done  on  foot,  with  the  aid  of  railroads  when  these  were 
convenient.  For  the  reconuoissance  of  much  of  the  southeast- 
ern part  of  St.  Louis  county,  the  Duluth,  Missabe  and  Northern 
railroad  between  the  stations  Kelsey  and  Pine  (on  White  Pine 
creek)  was  made  a  center  and  base  of  supplies.  On  September 
28th  we  packed  from  Columbia  Junction  to  Stony  Brook  Junc- 
tion, on  the  Duluth  and  Winnipeg  railroad  at  the  St.  Louis* 
river. 

From  Stony  Brook  Junction  we  worked  both  east  and  west, 
using  the  railroad,  as  before,  for  our  base  of  supplies.  On  the 
west,  we  worked  past  Fioodwood;  and  on  the  east,  down  into 
Carlton  county.  On  October  24th  we  crossed  the  St,  Louis  river 
at  Nagonab  on  a  log  jam,  and  made'our  way  north  along  White 
Pine  creek  to  the  Duluth,  Missabe  and  Northern  railroad. 
Crossing  this,  we  kept  on  northward  to  the  Cloquet  river  road, 
which  runs  westward  from  Duluth.  Having  from  this  route 
completed  the  reconnoissance  of  the  southeastern  comer  of  St. 
Louis  county,  the  same  road  was  followed  westward,  across  the 
ClOquet  and  St.  Louis  rivers,  to  Fioodwood;  and  thence  north 
to  Fioodwood  lake.  From  Fioodwood  lake  north  the  trail  could 
not  be  followed,  but  by  pressing  onward  through  the  woods  we 
reached  the  unfinished  Duluth,  Mississippi  River  and  Northern 
railroad,  and  in  a  few  days  arrived  at  Hibbiug,  on  the  Mesabi 
range. 

At  Hibbing.  Mr.  Oavanaugh  left  us.  From  this  point  and 
from  the  various  mining  camps  in  the  vicinity  that  part  of  the 
Mesabi  range  which  lies  in  ranges  20  and  21  was  carefully  ex- 
amined, so  far  as  circumstances  would  allow,  as  far  west  as  the 
Mesabi  Chief  mine  in  sec.  22.  T.  57-22.    When  this  task  was  ■ 
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completed,  the  weather  had  become  vmfavorabie  for  further 
work.  We  therefore  left  the  field,  and  on  November  18th  Mr. 
JuhnstoQ  and  myself  reached  Mmaeapolis. 

'  AREA  MAPPED. 

During  the  season  Bisty-two  towns  were  roughly  mapped, 
both  geologically  and  to  some  extent  topographically.  When 
it  is  considered  that  these  represent  S,232  square  miles,  and 
that  all  the  information  which  we  have  in  regard  to  them  was 
obtained  by  one  person  in  five  mouths,  and  was  secared  in 
often  unfavorable  circumstances,  it  will  be  seen  that  there  can 
be  no  possibility  of  having  done  careful  and  detailed  work  on 
most  of  the  area,  and  the  errors  which  will  doubtless  be  de- 
tected may  be  fully  accounted  for. 

OBOLOOtOAL  METHODS. 

Somewhat  careful  and  detailed  work  was  done  along  the 
Mesabi  range,  in  ranges  16  to  21.  This  is  the  most  varied  and 
interesting  district  in  the  territory  examined,  both  geologically 
and  topographically.  Here  the  limits  and  relations  of  the  dif 
ferent  formations  were  carefully  traced,  most  of  the  test-pits 
were  visited,  and  a  collection  which  was  especially  rich  in  the 
varions  phases  of  the  iron-bearing  rock  was  made.  The  open- 
ing up  of  the  country  by  the  exploration  for  iron,  and  the  cut- 
ting of  roads  and  trails,  made  this  detailed  study  possible. 

Outside  of  this  district,  however,  the  country  was  passed 
over  at  wide  intervals,  so  that  only  a  general  knowledge  of  its 
features  was  obtained,  which  may  be  a  guide  to  future  work. 
There  are  some  interesting  special  results,  but,  as  a  whole,  it 
should  be  considered  in  the  light  of  a  reconnaissance. 

TOPOORAPHIOAL  UETBODS 

Contour  lines  have  been  drawn  for  the  whole  area  mapped, 
for  each  fifty  feet  above  the  level  of  the  sea.  In  determining 
elevations  the  aneroid  barometer  was  used,  and  sketching  was 
often  resorted  to.  Valuable  checks  were  obtained  at  numerous 
places  by  bights  determined  by  levelling,  especially  along  the 
lines  of  railroad. 

The  most  varied  topography  was  along  the  Giant's  range  of 
hills,  and  here,  where  necessary,  every  section  line  was  gone 
over  and  readings  taken  at  short  intervals.  In  the  less  varied 
country  north  of  the  Giant's  range  fewer  determinations  by 
barometric  readings  were  possible,  and  sketching  and  to  some 
Dgiize.  ..Google 
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extent  the  use  of  the  hand-level  took  their  place.  Much  of  the 
territory  lying  south  of  the  range  is  exceedingly  monotonous, 
BO  that  the  placing  of  the  contour  lines  here  was  very  simple- 

SALIEHT  POINTS  IN  THE  GEOLOGY. 
Of  the  many  varied  and  interesting  observations  which  were 
made  during  the  summer,  it  is  the  purpose  of  this  report  to 
give  not  more  than  a  brief  outline.  The  fuller  discussion  of 
the  various  problems  involved  will  appear,  or  has  already  ap- 
peared, in  various  other  publications  of  the  survey,  and  else- 
where 

1.    THE  OI&NT-S  RANGE  OBANITG. 

It  will  be  necessary  first  to  speak  of  the  granite  of  the  Giant's 
range,  although  properly,  in  the  order  of  its  age,  this  should 
come  after  the  Keewattn  rocks.  The  granite,  which  is  nom- 
inally of  the  hornblende- biotite  variety,  constitutes  a  continu- 
ous belt,  several  miles  in  width  and  upwards  of  a  hundred 
miles  in  length,  which  runs  about  N.  70°  E.  across  the  area 
examined.  The  divide  between  the  great  drainage  basins  of 
the  Red  river  on  the  north  and  the  St  Lawrence  system  on 
the  south  follows  for  many  miles  this  granite  ridge. 

Formerly,  this  granite  had  been  generally  assumed  to  re- 
present sedimentary  beds  altered  in  situ,  to  be  of  Laurentian 
age,  and  to  repose  stratigraphically  beneath  the  schists  (of 
Keewatin  age)  with  which  it  is  associated.  But  the  develop- 
tnents  of  this  season's  work  show  conclusively  that  this  rock, 
whatever  its  earlier  history  and  derivation,  is  in  its  present 
position  intrusive,  and  is  younger  than  the  Keewatin  rocks. 
The  study  of  other  granitic  and  gneissic  areas  in  northeastern 
Minnesota  has  in  other  cases  led  to  a  similar  conclusion,*  and 
so  the  limits  of  the  old  Laurentian  area  have  been  considerably 
reduced. 

The  reasons  for  assigning  to  this  rock  an  intrusive  origin  are 
those  of  the  ordinary  nature,  and  may  be  thus  in  part  enumer- 
ated: 

1.  Contacts  have  been  found,  which  show  the  granite  send- 
ing:  stringers  into  the  schists  along  the  line  of  junction. 

2.  The  granite  contains  numerons  inclusions  of  the  schists, 
and  of  all  sizes.     These  fragments  show  various  stages  of 

*Dr.  U.  3.  Or&Dt,  TwcnUeth  Add.  Bep.  of  tbla  Sarvd)'.  pp.  K-X;  TweDlf-FInt  Add. 
Bep..  pp.  BO-M,  Tbe  probabllU]'  of  a  Urfe  portion  of  the  Gtants'  raage  belog  of  tbe 
nature  of  eruptive  rock  was  Bhovo  by  Prof.  N.  H.  Wlncbelt  In  tbe  Fifteenth  Annual 
Report,  pp.  S49,  BUi  Seventeeotb  Bepon,  pp.  21. 30.  31. 07. 
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metamorphism  and  recrystallization,  which  in  general  seem  to 
vary  with  the  size. 

3.  At  the  contact,  the  schists  are  more  or  less  metamor- 
phosed. 

4.  Id  two  instances  at  least,  the  granite  nearly  surroands 
areas  of  schist,  which  are.  however,  still  connected  with  the 
main  body.  These  peninsular  areas  show  much  greater 
metamorphism  than  ttie  main  body.     (See  Plate  HI). 

5.  In  T.  58-17  are  two  lenticular  masses  of  granite,  separated 
from  the  main  body,  and  surrounded  by  the  schists.  The 
longest  axes  of  these  bodies  are  parallel  with  the  general  trend 
of  the  main  body;  in  mineral  composition  they  are  identical. 
and  in  texture  they  correspond  to  the  phase  in  the  main  body 
which  is  commonest  near  the  contact  with  the  schists.  They 
are  undoubtedly  the  surface  exposures  of  apophyses  from  the 
main  mass. 

6.  Near  the  contact,  the  granite  is  fine-grained;  but  as  the 
distance  increases,  it  be<;omes  coarser  and  often  porphyritic. 

It  is  not  possible  to  consider  the  question  whether  or  not  this 
granite  consists  of  buried  and  fused  acid  sediments  of  the  E^aa- 
rentian,  which  by  the  movements  of  the  inner  crust  were  iq- 
truded  among  the  later  strata,  and  there  recrystallized.  The 
northern  contact  of  the  granite  with  the  schists,  though  still 
distinct,  is  much  more  complicated  than  at  the  south,  and  ILis 
might  suggest  the  idea  that  this  is  nearer  the  ancient  granitic 
reservoir. 

3.    THE  KEEWA.T1N  HBB1E3. 

Among  the  furmatiqps  mapped  was  a  hitherto  unexplored 
area  of  Keewatin  rocks,  lying  south  of  the  granite  belt  above 
described.  Frequent  specimens  were  collected  here,  bat  no 
special  microscopic  study  has  been  attempted.  It  is  evident 
that  the  rocks  vary  in  origin,  some  being  undoubtedly  igneous, 
while  others  have  had  a  simple  detrital  origin.  They  are  trav- 
ersed by  a  regional  cleavage  which  has  a  nearly  uniform  ti^nd 
of  about  N.  70°  E.,  and  a  hade  which  is  nearly  vertical.  Most 
of  the  rocks  are  marked  by  the  development  of  sericite  and 
kindred  minerals,  resulting  in  the  familiar  •  'green  schist"  which 
has  been  considered  the  Uthological  peculiarity  of  the  Kee- 
•vatin. 

Near  the  contact,  however,  as  has  been  noted,  and  especially 

in  those  positions  where  they  are  partly  surrounded  by  the 

granite,  these  schists  have  been  altered  into  more  perfectly 

crystalline  hornblende  and  mica  schists.     The  distribution  and 
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relation  of  these  orystalline  schists  make  it  clear  that  they 
represent  no  distinct  stratigraphical  division,  but  are  simply 
among  the  contact  phenomena  of  the  granite.    (See  Plate  III.) 

The  chief  interest  in  this  lies  in  the  fact  that  the  hornblende 
and  mica  schists  have  in  general  been  considered  as  peculiar 
to  a  lower  horizon  than  the  Keewatin — the  Vermilion  or  Cont- 
chiching, — and  their  existence  has  been  held  as  sofScient  evi- 
dence of  the  age  of  the  roclcs  in  any  given  c^e.  In  the  dis- 
trict examined,  however,  it  appears  that  this  rule  will  not  hold.  • 

On  the  other  hand,  in  those  parts  of  the  Keewatin  further 
from  the  granite,  especially  in  the  southern  part  of  T.  5817, 
tbere  were  found  rocks  which  were  undoubtedly  elastics, 
cleaved  but  not  greatly  metamorphosed,  slates  and  quartzytes. 

To  sum  up,  there  are  in  the  Archean  of  the  Mesabi  range 
roclics  which  according  to  their  lithological  features  might  be 
held  to  represent  three  great  horizons:  The  granites  (some- 
times gneiBsic),the  Lauren  tian;  the  hornblende  and  mica  schists, 
the  Vermilion  or  Cioutchiching;  and  finally  the  sericitic  schists, 
the  Keewatin.  Actually,  however,  we  are  as  yet  unable  to 
make  any  stratigraphical  subdivision  of  the  Archean  in  this 
place.  In  classifying  the  sericitic  schists  as  Keewatin,  we 
must  assign  tocthe  same  period  all  except  the  granite,  and 
include  the  crystalline  schists  and  the  simple  detritals. 
7%e  I%omMn  lilatet* 

The  detrital  series,  which  is  well  exposed  in  Carlton  county, 
especially  along  the  St.  Louis  river  from  Thomson  to  Cloquet, 
was  traced  for  some  distance  further  north  than  before  known, 
into  St.  Lauis  county.  The  northernmost  outcrop  was  in  sec. 
27,  T.  51-19;  and  further  north  still  the  drift  suggests  that  this 
contmues  to  be  the  underlying  rock. 

These  slates  and  graywackes  have  been  sharply  folded,  and 
subsequentiy  were  subjected  to  strains  which  induced  two  sets 
of  regional  cleavage.  Of  these  the  most  prominent,  and  appar- 
ently the  Srst  developed,  varies  from  N.  60°  E.  to  nearly  east- 
and-west.  Near  Cloquet.  where  a  later  dike  cuts  the  slates,  a 
third  cleavage  is  locally  induced. 

These  rocks  were  correlated  by  Irvingf  with  the  Animikie  of 
the  Mesabi  range,  and  subsequent  writers  have  accepted  this 
correlation.  There  seems  to  be  a  preponderance  of  evidence, 
however,  in  favor  of  considering  them  the  equivalent  of  the 

*Ct.   ■■TbestratlgrftpblcpcMltlon  of  theTbomson  slates,"   bTJ.E.Bpnrr:   Ainer. 
Joar.  8cl.,  lU,  vol.  xItIH,  pp.  U»-IW,  Aug.,  lEM. 
+  Bavintb  Ann.  B«p.  U.  S,  0«ol.  Survey, p.  US, 


>yC00glC 


122  TWENTY-SECOND  ANNUAL  REPORT 

KeewatiD  of  the  Mesabi  range  rather  than  the  Auimikie,  and 
thus  placing  them  below  the  great  unconformity  which  is  there 
displayed. 

3.   THE  ANtUtiCI&BSRlES. 

Upon  the  Mesabi  range  the  rocks  of  the  Anlmikie  series  rest 
UQConformably  upon  the  Keewatin  schists.  To  the  north  they 
abut  against  the  schists  or  the  granite;  while  on  the  south  the; 
are  covered  by  a  great  thickness  of  drift.  The  exposed  belt 
thus  follows  the  general  strike  of  the  strata,  which  in  turn  cor- 
responds closely  with  the  trend  of  the  Giant's  range  of  hills. 

The  observations  upon  the  geology  of  the  Auimikie.  and 
especially  of  the  iron-bearing  member,  have  been  incorporated 
in  Bulletin  10  of  the  survey.  Excepting  the  belt  above  de- 
scribed, no  other  areas  were  encountered  whose  rooks  were 
distinctly  referable  to  this  period, 

1.    THE  OaBrACEOUS  BEDi, 

The  existence  of  certain  small  areas  of  conglomerates  and 
shales  which  from  their  fossils  proved  to  be  Cretaceous  has 
already  been  noted  by  Mr.  H.  V.  Winchell.*  These  Cretaceous 
strata  are  found  only  in  small,  isolated  areas,  so  far  as  ia  yet 
known;  and  these  seem  to  be  but  the  remains  of  a  greater 
sheet  which  has  been  stripped  away  by  erosion.  They  lie  un- 
conformably  upon  the  Animikie  strata;  and  in  the  places  iden- 
tified have  apparently  derived  most  of  their  material  from  the 
rocks  of  the  iron-bearing  member. 

That  they  were  laid  down  close  to  the  shore  is  indicated  not 
only  by  their  conglomeratic  and  shaly  characters,  but  also  by 
the  presence  of  numerous  fragments  of  fossil  wood,  which  aw 
found  imbedded  among  other  materials.  In  one  of  the  locali- 
ties, ihoreover,  a  conglomerate  of  this  sort  is  closely  associated 
with  a  lignitic  swamp  deposit,  showing  that  by  a  slight  sub- 
sidence a  coastal  swamp  had  become  transformed  into  ft  sea- 
beach.  From  the  presence  of  these  scattered  fragments  of 
purely  littoral  deposits,  and  the  absence  of  any  rocks  indicative 
of  deeper  water  conditions,  it  is  possible  that  this  region  may 
actually  have  been  the  extreme  limit  of  the  Cretaceous  ocean. 

B.    THE   DBIFT. 

Two  moraines  cross  the  area  examined — the  Mesabi  moraine 
on  the  north,  which  In  general  follows  the  Giant's  i-ange  of 
bills;  and  on  the  south,  very  near  the  junction  of  Si.  Louis  ftnd 

•Ainerickn  OeoloElst.  Ootober,  1893.  p.  320, 
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Carltoa  county,  aaother,  which  has  been  identified  by  Mr. 
Upham  with  the  Leaf  Hills  moraine,  further  northeast.  In  the 
nature  of  their  composition,  these  two  moraines  are  character- 
istic and  yet  strikingly  different.  That  of  the  Mesabi  range 
contaios  boulders  which,  when  of  large  size,  are  generally  of 
granite,  evidently  derived  from  the  Griant'  range  and  the  more 
extensive  areas  further  north.  The  more  southern  moraine  is 
characterized  by  the  constant  presence  of  large  boulders  of  the 
coarse  auorthosyte  and  other  roeka  which  are  found  chiefly  in 
the  Keweeuawan  province,  and  so  must  have  come  in  a  south- 
westerly direction. 

North  of  the  Gianfs  range,  as  far  as  the  Vermilion  range, 
the  drift  consists  mainly  of  till  and  little- washed  gravels,  but 
so  scant  in  quantity  that  they  determine  the  topography  only 
to  a  minor  extent. 

Between  the  Mesabi  moraine  and  that  on  the  south  lies  an 
area  which  is  nearly  flat,  but  slopes  gently  toward  the  south. 
A  large  part  of  this  is  occupied  by  a  swamp,  of  the  common 
and  well-defined  variety  which  is  called  by  the  Indian  name 
'  'muskeg."* 

"Where  cuts  have  shown  the  nature  of  the  soil  which  under- 
lies the  peat,  it  is  usually  of  sand  or  stratified  gravels.  A  large 
area  lying  chiefiy  between  the  St.  Louis  and  the  Floodwood 
river,  is  composed  of  a  uniform  siliceous  clay,  or  extremely 
fine  sand.    This  is  not  encumbered  with  muskeg. 

Unmodified  drift,  however,  encroaches  upon  the  area  in 
many  cases.  Noteworthy  ana  interesting  are  the  occurrences 
in  the  southeastern  part,  especially  noted  between  G-raud  lake 
and  the  Cloquet  river.  Here  in  numerous  cases  cuts  show  a  ' 
veneer  of  till,  with  many  boulders  (chiefly  of  auorthosyte  and 
other  rocks  characteristic  of  the  Keweeuawan  province),  which 
covers  an  apparently  deep  deposit  of  fine,  perfectly  stratified 
sand.  This  must  indicate  a  late  advance  of  the  ice  after  the 
deposition  of  most  of  the  drift  of  this  muskeg  area;  and  the 
similarity  of  the  boulders  in  this  till  to  those  of  the  southern 
moraine  suggest;  that  they  lK>th  may  be  referred  to  the  same 
episode. 

■This  UHtae  la  dlstlnotLve.  and  sbould  be  raCalued.  The  niuBkeg  Hupports  a  thick 
Kmwth  of  mones  and  WKter-lavlng  pl&nts,  and  Is  always  scrlnkled  with  stuoted 
apruoe  and  tsmaraok  trees.  In  dlatlnotlon  front  the  "oedar  iwamti"  the  muskeg  or 
"tamarack  swamp"  Is  la  the  geological  sense  b  true  swamp.  I.e..  Ita  soil  consists  ot 
peaty  material  which  represents  the  aocomuliitloa  of  vegetation  In  shallow  bodies  ot 
BtBDdlDg  water. 
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The  Ducheta  slough. 
The  St.  Louis' river  skirts  the  northero  border  of  the  south- 
ern of  the  two  moraines  described,  and  is  thus  deflected  east- 
erly from  its  previous  course.  Id  T.  50-17  it  cuts  across  the 
morainic  tract  and  resumes  its  southerly  course.  At  ttie  bend, 
near  the  junction  of  the  river  with  White  Pine  creek,  them  is 
an  interesting  abandoned  postglacial  valley.  This  is  now  com- 
paratively dry,  or  at  most  swampy,  and  is  strongly  marked  for 
a  large  part  of  its  course  by  distinct  escarpments.  The  point 
,  of  its  leaving  the  present  river  channel  and  that  of  rejoiniDg 
are  within  two  miles  of  one  another.  This  old  river-bed  repre- 
sents an  oxbow  cut-off,  and  differs  from  the  ordinary  occurrence 
in  that  the  area  enclosed  by  the  cutoff  is  hilly  and  morainic. 
It  goes  by  the  name  of  the  Duchess  slough,  and  is  the  proposed 
northern  terminus  for  the  projected  canal  to  furnish  water- 
power  for  Duluth. 
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LIST  OP    BOOK   SAMPLES   COLLECTED  IN   1893 


BY  J.  E.  SPURB. 


Most  of  the  specimess  were  collected  from  the  iroa-beariug 
rocks  of  the  Mesabi  rao^e;  aad  from  the  study  of  these  speoi- 
mans  have  been  derived  many  of  the  results  which  have  been 
incorporated  In  Bulletin  No.  X  of  this  survey.  For  the  nomen- 
clatore  of  theue  iron-bearing  rocks,  and  an  explanation  of  the 
terms  used,  this  bulletin  should  be  consulted,  especially  the 
final  discussion  on  page  2i8.  All  the  specimens  from  the  Mesabi 
range  were  taken  from  the  general  region  included  between 
ranges  16  and  21. 

Many  of  the  samples  of  other  rocks  were  collected  with  a 
view  to  their  bearing  upon  the  problem  of  the  iron  ores;  while 
others  had  no  connection  with  this  subject.  The  collection  is 
intended  to  represent  as  completely  as  possible  the  known 
formations  between  Carlton  county  on  the  south  and  the  region 
of  Vermilion  lake  on  the  north,  in  ranges  16  to  21. 

In  general,  this  catalogue  is  to  be  considered  as  compiled 
simply  for  convenience  of  reference;  the  rocks  are  indicated 
by  field  names,  which  may  often  prove  upon  close  study  to  be 
incorrect,  and  are  perhaps  manifestly  indefinite.  No  study 
eufBcient  to  permit  of  an  accurate  description  of  some  of  the 
rocks  has  as  yet  been  made,  except  in  the  case  of  the  rocks  of 
the  Mesabi  iron-bearing  formation. 

Rocks  of  this  series  are  numbered  in  white,  each  number  fol- 
lowed by  the  letter  S,  to  distinguish  them  from  the  other  series 
of  the  survey  and  museum. 
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10.  Gray  taconyte  (magaetitic).  N.  W.  i  N.  W.  J  sec.  3. 
58-17. 

11.  Light  gray  porous  taconyte,  banded  wUh  magnetite- 
Same  locality. 

12.  Pale  pink  friable  decomposed  taconyte,  stained  brown 
in  places  by  iron  oxide.  N.  W.  i  N.  E.  i  sec.  9.  58-17.  Near ' 
the  town  of  Virginia. 

13.  Hard  lean  iron  ore  (hematite).  From  the  Rouchleau 
(Norman)  mine,  near  Virginia. 

14.  Hard  green  taconyte.  banded  with  magnetite.  S.  E.  i 
N.  E.  i  sec.  30.  58-17. 

15.  Granular  quartzyte.     S.  E.  i  S.  E.  i  sea  29,  58-17. 

16.  Pebbly  quartzyte,  decomposed  and  stained  red  by  iron. 
Same  locality. 

17.  Dark  green  spotted-granular  taconyte.  S.  E.  i  S.  E.  ^ 
sec.  30,  58-17. 

18.  Jointed  taccmyte  slate.  S.  E.  i  S.  W.  i  sec.  20,  58-17. 
From  the  face  of  a  steep  cliff. 

19.  Gray  siliceous  taconyte.  changed  in  part  to  brown  pul- 
verulent rock.    S.  W.  i  N.  W.  i  sec.  31,  58-17.. 

20.  Siliceous  and  maguetitic  taconyte,  a  pseado-oonglom- 
eratG.     S.  W,  i  sec.  34,  58-17.  . 

21.  Taconyte  breccia.     8.  E.  i  see.  30.  58-17. 

22.  Taconyte.  pseudo-conglomeratic.     Same  locality  as  20. 

23.  Pine-grained  quartzyte.     N.  W.  i  N.  E.  i  sec.  83,  58-1". 

24.  Gray  slate.     N.  E.  J  N.  W.  i  sec.  33,  53-17. 

25.  Taconyte.  heavily  magnetltic.  Pseudo-conglomeritic. 
S.  W.  i  S.  W.  i  sec.  34,  58-17. 

26.  Hard  hematite,  coated  with  Umonite  or  gOthite.  N.  W. 
i  a  W.  i  sec.  34,  58-17. 

27.  Sideritic  chert  banded  with  siliceous  and  chloritic  slates. 
N.  E.  i  S.  E.  1  see.  33,  58-17. 

28.  Taconyte  slate  (magnetitic)  with  residual  fragment  of 
red  siliceous  spotted -granular  taconyte.     Same  locality. 

29.  Taconyte  slate  (magnetitic).    Same  locality. 

30.  Taconyte  slate  (magnetitic),  jointed.     Same  locality. 

31.  Gray  jasperoid  taconyte,  changing  to  light  yellow  pul- 
verulent rock.  From  the  Rouchleau  (Norman)  mine,  near 
Virginia. 

32.  Gra/  jasperoid  taconyte.  altered  in  part  to  hard  brown 
jasperoid  taconyte.     Same  locality. 

33.  Green  chert,  with  a  finely  brecciated  band.  From  S.  E. 
i  8.  W.  i  sec.  8,  58-17. 
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31.  Gray  siliceons  spotted  granular  tacoDyte.  Probably 
from  sec.  17,  58-17,  near  Virginia. 

35.  Reddish  tacoDyw  jasper,  banded  with  magnetite,  and 
showing  pitted  decomposition.  From  Chicago  property,  in  8. 
E.  isec.  4.  58- 16. 

36.  Light  gray  siliceous  taconyte,  showing  pitted  decom- 
position.    Same  locality. 

37.  Gray  taconyte,  impregnated  with  calcite  or  magnesite, 
and  containing  a  fine-grained  green  residual  fragment.  Same 
locality. 

38.  Light  green  siliceous  taconyte.    Same  locality. 

89.  Light  green  spotted -granular  taconyte  (green-sand- 
stone?).    Same  locality. 

40.  Banded  taconyte  jasper,  with  bands  of  hard  hematite. 
From  Iron  Cliff,  S.  E.  i  N.  W.  J  sec.  36,  5917. 

41.  Dark  red  siliceous  taconyte.  with  sand  grains.  Same 
locality. 

42.  Gray  jasperoid  taconyte,  changing  to  hard  hematite, 
and  stalactitic  limonite.    S.  E.  ^  S.  E.  i  sec.  5,  58  16. 

43.  Altered  conglomeritic  quartzyte.  8.  E.  i  8.  W.  J  sec. 
4.  58-16. 

44.  Contact  facies  of  mica  schist  S.  W.  ^  N.  W.  ^  sec.  35, 
59-17. 

45.  Mica  schist.  45  paces  north  of  44,  and  nearer  contact. 
Same  locality. 

46  Actinolite  (?)  schist.  Same  locality  as  45,  within  five 
feet  of  contact  with  granite. 

47.  Contact  of  granite  (hornblende  biotite)  with  Keewatin 
schist    Same  locality. 

48.  Biotite  schist,  in  contact  with  granite,  as  above.  From 
the  main  contact  of  the  two  formations.     Same  locality. 

49.  Contact  of  small  stringer  of  granite  with  the  schist  as 
above.    Same  locality. 

50.  Granite  (hornblende  biotite)  from  within  a  few  feet  of 
the  contact.    Same  locality. 

51.  Granite  (hornblende  biotite),  like  50.  Prom  N.  E.  J  N. 
B.  i  sec.  7,  58-16. 

52.  Granite,  gneissic.     About  8.  W.  J  8.  W.  i  sec.  21,  59-17. 

53.  Dark  green  spotted-granular  taconyte  (green-sand- 
stone?), in  contact  with  black,  carbonaceous  shale.  From  the 
Chicago  property,  in  the  S.  E.  i-of  sec.  4,  58-16. 

54.  Green  schist,  part  stained  brows  by  contact  with  the 
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iroD  of  the  iron-bearing  rocks.     From  the  Hale  m^De,  S.  E.  \ 
N.  W.  isec.  1,  5816. 

55.  Mottled  greenstone.     N.  W.  i  S.  W.  J  sec.  34,  59  16. 

56.  Dark,  spotted  greenstoae.  S.  E.  ^  S.  E.  ^  sec.  36,  59-16. 

57.  Mica  schUt,     N.  W.  i  S.  W.  i  sec.  27,  59-18. 

56.     Hornblende  schist.     About  200  paces  north  of  57. 

59.  Mottled  actinolite  (?)  schist     Same  locality. 

60.  Muscovite  (?)  schist.    Occurs  interbanded  with  59. 

61.  Conglomerate,  probably  Cretaceous.  S.  E.  J  N.  E.  i  sec 
6,  58-17. 

62.  Conglomerate  (probably  Cretaceoas),  thoroughly  iron 
stained.     N.  E.  i  N.  E.  J  sac.  10,  58-18. 

63.  Chip  from  boulder  of  hard  iron  in  conglomerate.  Partly 
magnetic,  much  pyritized.     Same  locality. 

64.  Red  siliceous  jointed  taconyte,  somewhat   decomposed. 
S.  W.  i  S.  W.  i  sec.  2,  58-18. 

65.  Same  as  64.     Same  locality. 

66.  Decomposed    taconyte    (pseudo-conglomerate).      Same 
locality, 

67.  Conglomerate,   thoroughly    ferrated    and  changed  to 
lean  ore.     Probably  Cretaceous.     Same  locality  as  63  and  63. 

68.  Brecciated  taconyte,  cherty  and  josperoid  fragments  in 
a  spotted-granular  matrix.     N.  W.  i  S.  W.  i  sec.  2,  53-18. 

69.  Postglacial  taconyte  conglomerate.     From  the  drift,  a 
mile  soutb  of  Mountain  Iron,  in  58-18. 

70.  Banded  silica-kaolin.     S.  E.  i  N.  E.  J  sec  6,  58-17. 

71.  Compact  taconyte  gritrock.       S.  W.  i  N.  E.  i  sec.  3, 
58-18. 

72.  Taconyte  breccia.     N.  W.  i  S.  W,  i  sec.  2,  58-18. 

73.  Same  as  72. 

74.  Taconyte  breccia,  showing  pitted  decomposition.    Same 
locality. 

76.  Dark  gray  impure  limestone.     N.  W.  i  N.  E  i  sec.  7, 
58-17. 

77.  Same  as  76. 

78.  Dark  red  taconyte.     N.  W.  i  S.  W.  i  sec.  2,  58-ia 
■    79.     Taconyte  breccia.     Same  locality  as  72. 

80.  Same  as  79. 

81.  Taconyte  hematite  slate,  jointed.     S.  W.  ^  N.  W.  i  sec 
3,  58-18. 

82.  Drill  core  of  taconyte.     S.  E.  i  N.  E.  i  sec.  6,  58-17. 

83.  Same  locality.    Slightly  different  phase. 

84.  Fragment  (taconyte?).     S.  W.  i  S.  W.  i  sec.  35,  59-ltJ. 
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65.     TacoDyte  pseudo-congloinerate.  A  decomposition  phase. 
Same  locality  as  66. 

86.  Conglomerate  (probably  Cretaceous).      Same  locality 
as  82. 

87.  Same  as  89,  with  incrustation  of  siderite  (f).     Same 
locality. 

88.  Consolidated  carbonaceous  clay  (probably  Cretaceous). 
Same  locality, 

89.  Taconyle  (?)  shale.     S.  E.  i  sec.  9,  5»-ia 

90.  Same,  banded.    Silica-kaolin?    Same  locality. 

91.  Taconyte  ( ?)  shale.     Same  locality. 

92.  Same.     Same  locality. 

93.  Taconyte  jasper.     From  the  Snively  property,  S.  W.  i 
N.  W.  i  sec.  3.  B8-18. 

94.  Massive  hornblende  rock.    S.  W.  i  N.  E.  i  sec.  17,  59-17. 

95.  Sericitic  (?)  schist.     N.  W.  i  N.  W.  J  sec.  32,  59-17. 

96.  Taconyte  jasper,  with  disseminated  crystals  of  magne- 
tite.    N.  E.  i  N.  E.  i  sec.  23,  59-18.    Probably  from  drift 

97.  Taconyte  jasper,  with  coating  of  limonite.    Prom  the 
rock-blnS  to  the  north  of  Mountain  Iron  mine,  58-18. 

98.  Jointed  magnetite  slate  (taconyte?),     N.  W.{  N.  W.  ^ 
sec.  8,  68-18. 

99.  Taconyte  chert,  changing  to  taconyte  slate,  magnetitic. 
Same  locality. 

100.  Reddish  taconyte,  changing  to  taconyte  slate.     S.  E.  i 
N.  E.  i  sec.  7,  58-18. 

101.  Taconyte(?)  shale.     8.  E.  i  N.  W.  i  sec.  18.  58-18. 

103.  Same  as  101.     Same  locality. 

104.  Preglacial  wood.      From  drift.     Same  locality  as  101. 
etc.,  and  imbedded  in  the  soft  shale  in  part 

105.  Conglomerate  {probably  Cretaceous).      Prom  drift  at 
same  locality. 

106.  Same  as  105.    Same  locality. 

107.  Gray  siliceous  taconyte.    S.  W.  1  S.  E.  i  sec.  2.  58-19. 

108.  Porous  taconyte.     S.  E.  i  S.  W.  i  sec  8,  58-19. 

109.  Siliceous  taconyte.     Same  locality. 

110.  Porous  and  siliceous  taconyte.     Same  locality. 

111.  Siliceous  taconyte,   changing  to  taconyte  slate,    and 
coated  with  dendrites  of  maganese  (wad?). 

112.  Sideritic  and  cherty  slate.     N.  W.  i  N.  E.  i  sec.  17. 
58-19. 

113.  Same.     Same  locality. 

Ii4.     Same,  more  definitely  banded.     Same  locality. 
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115.  Same.     Same  locality. 

116.  Same.     Same  locality. 

117.  Same.     Same  locality. 

118.  Cherty  slate.    S.  W.  i  8.  W.  i  sec.  17.  58-19. 

119.  Yellow  tacoayte  gritrock,  changing  to  brown  tacooyte 
jasperoid.    N.  E.  i  S.  W.  i  sec.  17,  58-19. 

130.     Gray  chert,  changing  to  porous  pulveralent  rock  (grit- 
rock).     Same  locality. 

121.  Same.     Same  locality. 

122.  Cherty  slate.     Same  locality  as  112,  etc- 

123.  Gray  siliceous  tacooyte,  changiog  to  taconyte  slate. 
S.  E.  i  N.  E.  i  sec.  17,  58-19. 

124.  Siliceous  and  decomposed  taoonyte,  with  coating  of 
limonite.     N.  E.  i  S.  W.  i  sec.  17,  58-19. 

125.  Glauconitic  taconyte.     Prom  near  124. 

128.  Honeycombed  limonite.     Prom  near  124  and  125. 

127.  Banded  tacoayte  slate.     Same  locality  as  123. 

128.  Siliceous  taconyte.     8.  E.  J  S.  E.  J  sec.  18.  58-19. 

129.  Taconyte  chert.     Same  locality. 

180.  Same.     Same  locality. 

181.  Siderite-actinolite  slate.     Same  locality. 

182.  Same.     Same  locality. 

133.  Taconyte   gritrock,   with   seams   of  iron.      200  paces 
north  of  ]28,  etc. 

134.  Same.     Same  locality. 

135.  Siliceous  taconyte,  much  altered  to  hematite.     N.  E.  \ 
N.  E.  i  sec.  19.  58-19. 

186.     Porous  taconyte.  banded  with  hematite.    Same  locality 

137.  Gray  siliceous  taconyte,  impregnated  with  calcite  or 
magnesite.     N.  W.  J  N.  W.  J  sec.  17,  58-19. 

138.  Red  taconyte  shale.     N.  E.  J  N.  E.  J  sec.  34.  58-20. 

139.  Cretaceous  conglomerate  (chiefly  taconitic,  much  fer 
rated)  containing  fossii  wood.     N.  W.  J  8.  W.  J  sec.  20.  58-19. 

140.  Cretaceous  conglomerate,  containing  fossil  casts.   Same 
locality. 

141.  Same.    Same  locality. 

142.  Cretaceous  conglomerate.  Contains  pebbles  of  taconyte. 
Same  locality. 

143.  Porous  taconyte.     Same  locality  as  135. 

144.  Cretaceous    conglomerate,    with    fossil    casts.    Same 
locality  as  139. 

145.  Green  Cretaceous  shale,  with  fossils.    Same  locality. 
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146.  SaadstoQe  conglomerate.      From  large  drift  boulder. 
N.  W.  i  S.  W.  i  section  10,  59-19. 

147.  Same.    Same  locality. 

148.  Taconyte  gritrock,  stained  with  iron  in  bands.     S.  E. 
i  N.  E.  i  sec.  17,  58-19. 

149.  Yellow  taconyte  jasperoid.     N.  E.  J  S.  W.  i  sec.  10, 
59-19. 

150.  Porous  taconyte,  changing  to  taconyte  jasperoid.    Same 
locality. 

151.  Gray  porous  taconyte,  stained  with  iron  on  the  peri- 
phery.    Same  locality, 

152.  Red  taconyte  shale.     From  near  148,  etc. 

153.  Same.     Same  locality. 

154.  (Taconyte'?)  slate.     From  near  149,  etc. 

155.  (Taconyte?)  cherty  slate.     Same  locality. 

156.  Taconyte  gritrock,  with  seams  of  hematite.     N.  W.  i  S. 
W.  i  sec.  10,  58-19. 

157.  Gray  taconyte,  changing  to  red  taconyte  and  taconyte 
slate.     N.  E.  i  S.  E.  i  sec.  83,  59-17. 

159.     Banded  taconyte  slate.     Same  locality. 

159.  Gray  taconyte  chert     Same  locality. 

160.  Same.    Same  locality. 

161.  Red  siliceous  taconyte,  changing  to  taconyte  gritrock. 
Same  locality. 

162.  Hard  hematite,  with  limonite.    N.  W.  i  S.  W.  ^  sec.  S4, 
58^17.  . 

163.  Same.    Same  locality. 

164.  Taconyte  jasper,  with  quartz  vein.     N.  W.  i  S.  E.  ^ 
sec.  33,  58-17. 

165.  Same,  showing  prismatic  jointing.     Same  locality. 

166.  Gray  and  red  taconyte.     Same  locality. 

167.  Incrustation  of  cbalcedonic  silica,  in  stalactitic  forms, 
upon  gray  taconyte.     S.  E.  i  S.  W.  i  sec.  8,  58-17. 

170.  Pitted  taconyte  slate,     N.  W-  i  N.  E.  i  sec.  2,  58-18. 

171.  Taconyte  breccia.     N.  E.  i  S.  W.  i  sec.  I.  58-19. 

174.  Conglomerato  (probably  Cretaceous)  stained  red  with 
iron.     Prom  N.  W.  J  N.  W.  i  sec.  11,  58-19. 

175.  Granite  from  contact  with  crystalline  schists.     N.  E.  i 
sec.  12.  60-19. 

176.  Schist  from  same  contact. 

177.  Granite  from  a  dike  in  the  schists.     N.  E.  J  N.  E.  i 
sec.  36,  6L-19. 

178.  Schist  from  contact  with  granite.     Same  locality. 
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179.  ActiDolite  (?)  schist.  From  within  a  foot  of  the  con- 
tact of  the  schists  with  the  mala  body  of  granite,  in  N.  E.  \  sec. 
12,  60-19. 

180.  Biotite  schist.    N.  E.  ^  N.  E.  J  sec;  1,  60-19. 

181.  "Red  jasper,"  with  quartz  vein.  Prom  the  Minnesota 
mine  at  Tower. 

182.  "Black  jasper."    Same  locality. 

183.  Siliceous  jasperoid  rock.     Same  locality. 

184.  Drill  cores  from  near  Lee  mine,  at  Tower,     "Jasper." 

185.  Banded  jasperoid  taconyte.  From  the  Mountain  Iron 
mine,  at  Mountain  Iron. 

186.  Schist.    S.  E.  i  S.  W.  isec  32,  61-16. 

187.  Fragment  of  gray  calcareous  nodule  in  slates,  at 
Cloquet,  near  the  Duluth  &  Winnipeg  bridge  across  the  St. 
Louis  river. 

188.  Coarse  gabhro.    Duluth  Hlghts. 

189.  Diabase  (?)  from  center  of  large  dike.    Duluth  Hights. 

190.  Diabase  (?)  from  near  margin  of  same  dike. 

191.  Eed  rock.     Duluth  Hights. 

192.  More  coarsely  crystalline  phase  of  same.  Same  local- 
ity. 

193.  Same.    Same  locality. 

194.  Red  rock  from  narrow  dike  in  coarse  anorthosytfi. 
Same  locality. 

.  195.    Same.    Same  locality. 

196.  Diabase  (?).     Same  locality. 

197.  Same.    Same  locality. 

198.  Red  rock.    Same  locality. 

199.  Gabbro  pebble,  showing  peripheral  decomposition. 
From  cut  in  drift,  at  Stony  Brook  station,  on  the  Duluth  and 
Winnipeg  railroad . 

200.  Slate  (Keewatin?).     N.  W.  J  S.  W.  J  sec  27,  51-19. 

201.  Quartzose  slate.     Same  locality. 

202.  Schistose  slate.     Same  locality. 

203.  Chips  of  fossil  tree,  found  under  a  peat-bog,  in  the 
glacial  gravels.  From  cut  on  D.  M.  &  N.  railroad  one-half 
mile  east  of  Pine  station.     (T.  50-16) 

204.  Hard  hematite.     Mountain  Iron  mine. 

205.  Quartzjte  (Pewabic).     N.  W.  i  N.  W.  J  sec.  36,  58-21. 

206.  Dark  green  quartzyte.     Same  locality. 

207.  Aetinolite  schist.     S.  W.  i  8.  W.  J  sec.  25,  58-21. 

208.  Taconyte.     N.  W.  J  N.  W.  J  sec.  36.  58-21. 
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209.  Glacial  boulder  of  taconyte  jasperoid.     N.  W.  J  N.  E.  ^ 
sec.  1.  57-21. 

210.  Gray  taconyte  chert.  chan^iDg  to  brown  banded  taco- 
nyle  gritrock.     S.  E.  J  N,  E.  i  sec.  29,  58-20. 

211.  Gray  siliceous  porous  taconyte,  changing  to  hematite. 
Same  locality. 

212.  Gray  siliceous  taconyte,   stained  in  part  brown  with 
iron  oxide.     N.  W.  i  N.  W.  i  sec.  22,  58-20. 

213.  Dark  red  jasperoidal  taconyte.     Same  locality. 

214.  Gray  siliceous  taconyte,  changing  to  brown  taconyte 
jasperoid.     Same  locality. 

215.  Same  as  213.     Same  locality. 

216.  Same.    Same  locality. 

217.  Glaucooitic  taconyte,  with  magnetite.     Same  locality. 

218.  Taconyte  jasperoid,  changing  to  hematite.     Same  lo- 
cality. 

219.  Same  as  217.    Same  locality. 

220.  Same  as  213.    Same  locality. 

221.  Taconyte  slate.    N.  E.  i  S.  W.  i  sec.  29,  58-20. 

222.  Red  taconyte  shale.     Same  locality. 

223.  Green  taconyte  shale.     Same  locality. 

224.  Taconyte  jasper.     Same  locality, 

225.  Gray  taconyte  gritrock.    Same  locality. 

226.  Quartzyte.     S.  W.  i  N.  W.  i  sec  35.  58-21. 

227.  Actinolite  (?)  schist.     N.  W.  i  N.  W.  i  sec.  35,  58-21. 

228.  Muscovite  schist.     Same  locality. 

229.  Silica  powder.     S.  E.  i  N.  W.  i  sec.  23,  57-22.    Near 
Mesabi  Chief  mine. 

230     Same.     Same  locality. 
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XI. 

PRELIMINARY  REPORT  OP  LEVELLING  PARTY. 


BY  CHAS.  P.  BEEKEY. 


The  party  that  entered  upon  work  for  the  Geological  and 
Natural  History  Survey  on  the  26th  of  June  at  Grand  Marais 
consisted  of  L.  A.  Ogaard.  Aiex.  N.  Winchell  and  myself  under 
the  direct  supervision  of  Dr.  Grant.  It  was  proposed  to  level 
across  this  portion  of  the  state  to  the  International  boundary, 
to  pay  as  much  attention  as  practicable  to  the  topography  of 
the  country  as  the  levelling  advanced,  and  to  determine  accu- 
rately by  level  such  knobs  or  ridges  as  seemed  of  unusual  ele- 
vation. The  bench  marks  of  the  level  were  used  as. primary 
stations  in  the  use  of  the  aneroid  barometer,  by  the  aid  of 
which  the  contour  lines  were  established.  The  territory  that 
occupied  most  of  our  attention  comprises  the  central  and 
northern  portions  of  Cook  county.  This  was  known  to  be  the 
most  elevated  district  in  the  state  and  therefore  considerable 
care  was  taken  in  an  endeavor  to  locate  more  accurately  the 
prominent  points  and  ridges. 

On  account  of  the  method  of  travelling  in  this  district  and  the 
extreme  difficulty  of  running  a  level  through  such  a  country  of 
hills,  swamps  and  poor  trails,  the  work  had  to  be  planned  by 
trips  of  two  or  three  weeks  duration.  The  first  one  of  these 
was  planned  to  extend  from  Grand  Marais  by  the  old  "Iron 
trail"  through  Devil's  Track  lake,  Little  Pine  lake,  over  Brule 
mountain  to  the  Misquah  hills  and  then  west  to  Winchell  lake 
and  south  again  to  Brul^  lake,  where  supplies  had  to  be  ob- 
tained again. 

On  a  part  of  this  first  trip,  which  occupied  the  first  three  weeks 
of  our  work,  we  were  obliged  to  engage  two  Indians,  Jo  Caribou 
and  Alex  Ivlorrison.  to  help  in  packing  and  cutting  through  the 
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woods.  This  first  trip  was  by  a  great  deal  the  most  difficult 
and  tedious  of  the  whole  summer's  work.  The  trail  followed 
was  old  aud  abandoned,  and  in  many  places  could  not  be  found 
at  all,  even  by  the  Indians.  The  character  of  the  underbrush 
was  such,  furthermore,  that  it  became  utterly  impossible  to 
use  the  level  at  all  without  constant  cutting.  Frequently  after 
the  most  diligent  work,  nightfall  would  find  us  little  more  than 
a  mile  in  advance  of  the  former  camp.  But  this  first  trip,  in 
spite  of  the  enforced  slow  travelling  and  difficult  work,  gave,  in 
fact,  the  most  satisfactory  results  of  the  whole  summer's  expe- 
dition. The  Misquah  hills  proved  to  be  the  highest  points 
reached  in  Minnesota.  Several  knobs  were  accurately  deter- 
mined by  level  and  many  more  by  the  aneroid,  some  of  which 
are  given  in  the  list  accompanying  this  report 

The  highest  point  on  which  direct  observations  were  taken 
is  between  Misquah  and  Winchell  lakes  in  sec  38,  64-2  W.  It 
was  carefully  determined  by  barometric  readings  and  corrected 
by  level  bench  marks  close  at  hand,  as  well  as  by  level  observa- 
ti'>ns  from  neighboring  hills.  Its  elevation  is  2,230  feet  above 
sea  level, — there  is  no  greater  recorded  in  the  state.  The 
Misquan  hills  form  a  broken  ridge  extending  east  and  west  a 
distance  of  many  miles  just  north  of  Brul6  river  valley.  A 
few  separated  knobs  also  stand  outside  of  this  main  ridge.  But 
the  area  in  which  peaks  of  an  elevation  exceeding  2,200  feet 
oc~ur  is  very  limited.  Misquah  lake  being  nearly  a  central  point. 
For  a  distance  of  three  or  four  miles  both  east  and  west  of  this 
lake,  this  hignt  is  attained  by  several  knobs.  The  more  exact 
position  is  in  the  southern  tier  of  sections  of  T.  64,  R,  1  and  2  W. 

An  opportunity  is  offered  for  a  general  view  of  the  central 
portion  of  Cook  county  here,  such  as  can  be  secured  at  no  other 
place.  Standing  upon  the  bare  knob  of  red  rock  just  east  of 
Misquah  lake,  a  very  large  portion  of  the  surrounding  country 
can  be  seen  in  every  direction  and  especially  to  the  north  and 
Routh.  The  minor  details  are  thus  of  course  entirely  over- 
looked, and  only  important  ridges  bounding  prominent  valleys 
are  noticeable. 

Toward  the  north,  the  general  impression  is  that  of  a  broad 
quite  uniform  valley  extending  east  and  west  an  indefinite 
distance  and  bounded  on  the  north  by  the  bluffs  and  ridges 
along  the  International  boundary  t«u  miles  away.  In  the 
valley  a  dozen  or  more  lakes  can  be  seen,  while  hundreds  more 
are  bid  behind  wooded  ridges  or  lie  in  narrow  deep  secluded 
valleys.  '  Toward  the  south  are  three  well  marked  features. 
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First  ie  Brul6  river  valley  lying  immGdiately  at  the  foot  of  the 
hills,  extending  east  and  west  here  also,  and  bounded  abruptly 
on  the  south  by  Brut^  mountain  and  connected  ridges.  Tliis 
valley  is  exceptionally  narrow  and  deep,  being  nearly  600  feet 
below  the  Misquah  hills  and  over  500  feet  below  Brul^  moan' 
tain,  while  the  mszimum  distance  between  these  two  points  is 
not  over  four  miles. 

BniU  mountain  is  very  prominent  from  this  point  of  view. 
It  lacks  only  60  feet  of  equalling  the  Misquah  bills  in  higbt, 
and  is  even  more  striking.  On  its  northern  slope  the  descent 
is  521  feet  in  less  than  a  mile  (tbree-fourths  of  a  mile).  In 
this  regard,  however,  it  is  not  so  remarkable  as  the  first  ridge 
at  Grand  Marais  which  ascends  730  feet  in  a  mile,  or  even  some 
of  the  bluffs  along  the  International  boundary  which  have  am 
almost  perpendicular  face  from  one  to  two  hundred  feet  in 
hight.  Three  miles  east  of  Brul^  mountain  are  three  remark- 
able knobs  belonging  properly  to  the  Misquah  hills,  although 
they  are  south  of  the  river  valley.  They  are  near  together 
and  have  an  elevation  of  2050  feet  by  aneroid  reading  on  the 
lowest  of  the  three.  A  hundred  feet  can  safely  be  added  to 
this  for  the  highest  one. 

Just  beyond  the  crest  of  Brul6  mountain  to  the  south  lies 
lake  Abita,  the  mountain  lake  of  Minnesota.  3048  feet  above 
the  sea,  the  most  elevated  lake  in  the  state  so  far  as  recorded. 
But  beyond  this  is  the  third  great  valley  in  our  general  view 
of  this  part  of  Cook  county.  It  extends  almost  east  and  west 
as  the  others,  but  is  broader  and  not  so  uniform.  The  southern 
limit  is  formed  by  the  Saw  Teeth  bluffs  along  lake  Superior, 
several  of  which  appearing  quite  prominent  seem  to  give  a 
very  substantial  boundary  to  the  valley.  Lakes  are  not  bo 
abundant  in  this  most  southerly  valley  as  were  afterwards 
found  in  the  districts  farther  north  and  west  Swamps  of  no 
very  great  extent  were  abundant  and  often  small  ones  occur 
near  the  highest  points.  Large  drift  boulders  are  foand  in 
abundance  even  upon  the  bare  knobs  of  the  highest  of  the 
Misquah  hills.  Very  little  attention  could  be  paid  to  details  in 
any  other  lines  of  investigation. 

After  obtaining  supplies  from  Gunfiint  City,  the  work  of 
our  second  trip  began  with  topographical  work  about  Brol^ 
lake.  James  Marshall  took  the  piaje  of  the  two  Indians  who 
had  returned  to  Grand  Marais.  Similar  work  was  then  carried 
forward  through  the  country  adjacent  to  the  canoe  route  to 
Gunfiint  lake.      Georgia.  Surveyor,  Ida  Belle,  Elskadinna,  and 
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Ham  lakes  are  the  priDcipal  ones  on  the  route  and  Cross  river 
is  the  only  stream  of  any  size.  The  surface  slopes  gradually 
northward  with  no  very  high  ridges  after  leaving  Surveyor 
lake  until,  Gunflint  lake  and  vicinity  is  reached.  Some  more 
careful  work  was  done  In  T.  65-4  W.,  especially  in  the  southern 
half  of  the  town  and  in  section  28  in  particular.  As  all  these 
points  will  appear  just  as  clearly  on  the  maps  when  they  are 
published  I  will  not  attempt  any  explanation  here. 

The  third  trip  of  our  party  Included  towns  61  and  65,  1,  2, 
and  3  W.  and  was  made  by  canoe  through  Loon,  Mayhew, 
Tucker  and  Banadad  lakes  and  eastward  through  a  continuous 
chain  of  small  lakes  to  Poplar  lake.  From  this  place  a  trip 
was  made  toward  the  south  through  Caribou  to  north  Brul6 
lake  in  order  to  check  on  our  former  determination  of  level 
The  return  was  then  made  from  Poplar  lake  through  Hungry 
Jack,  Birch,  Duncan's  and  Rose  lakes,  from  which  the  Interna- 
tional boundary  route  was  followed  to  Gunflint  again.  The 
most  noticeable  features  of  this  section  of  country  are:  first  the 
comparatively  low  and  uniform  ridges  of  the  gabbro  belt 
crowded  thickly  together  with  usually  only  sharp  narrow 
ravines  between  them  running  in  every  direction;  second,  the 
bold-faced  bluffs  nortii  of  the  gabbro  belt  within  three  miles  of 
the  boundary  lakes.  All  these  ridges  are  comparatively  high 
and  have  a  gradual  rather  gently  inclined  southern  slope  and 
a  very  precipitous  north*ern  one.  The  lakes  are  very  abund- 
ant and  lie  in  deep  narrow  valleys.  They  are  connected  fre- 
quently by  falls  and  rapids,  as  at  Rose  lake  where  the  fall  from 
Duncan's  lake  is  136  feet  in  a  distance  of  less  than  a  quarter  of 
a  mile  One  of  the  most  noticeable  of  these  characteristic  pre- 
cipitous bluffs  is  called  Rose  Liake  mountain.  It  rises  fro  m 
Rose  lake  470  feet  by  aneroid  determination.  The  highest 
points  are,  first  a  hill  on  the  section  line  between  sections  26 
and  35,  65-2  W.,  which  is  2050  feet,  and  second, the  quarter  post 
on  the  north  line  of  sec.  28,  65-4  W.,  which  is  2038  feet.  The 
former  Was  determined  by  aneroid  and  the  latter  by  level. 
Other  features  will  be  shown  sufficiently  well  by  the  maps. 

In  the  territory  thus  far  covered  since  leaving  Grand  Marais 
a  few  other  points  come  into  prominence  by  combining  the 
observations  of  the  three  trips.  The  hight  of  land  extends  in 
a  southwest  direction  from  between  North  and  South  lakes  to 
the  ridge  between  Ida  Belle  and  Surveyor  lakes.  Lakes  to  the 
southeast  of  this  line  drain  into  lake  Superior;  and  lakes  north- 
west of  it  drain  into  Rainy  lake.    Brul6  lake  has  two  prominent 
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outlets,  one  toward  the  east  giving  rise  to  Brul^  river,  and  the 
other  to  the  west  ioto  Gleorgia  lake,  from  which  probab!y  Tem- 
perance river  rises,  Sowing  toward  the  south.  Ida  Belle  take 
is  the  head  of  Cross  river  which  flows  north  to  Gui)fliDt  lake. 
For  the  greater  part  of  its  course  it  is  a  chain  of  narrow  small 
lakes  connected  by  rapids.  North  lake  is  the  head  of  drainage 
westward  along  the  boundary,  and  South  lake  is  the  head  of 
the  eastern  boundary  drainage,  which  reaches  lake  Superior 
through  Arrow  river  in  Canada  and  Pigeon  river  on  the  boun- 
dary. The  Port  Arthur,  Duluth  and  Western  railroad  enters 
Minnesota  at  the  narrows  at  the  west  end  of  Gunfllnt  lake  and 
the  ■western  terminus  is  now  Paulson's  camp  four  miles  west. 
The  county  road  extends  from  Grand  Marais  northward  to 
Hungry  Jack  lake.  During  the  past  summer  it  was  cat  oat 
from  near  Poplar  lake  westward  to  the  riulroad  near  the  west 
end  of  Qunflint  lake,  and  now  forms  a  good  trail  from  this  point 
to  lake  Superior. 

The  fourth  trip  extended  from  Gunflint  lake  westward  througti 
Ts.  65-4and  5  W.  and  return  through  Ts.  61^5  and  4  W.  There 
are  no  features  of  this  needing  especial  attention.  There  are 
many  very  prominent  hills,  but  none  bo  high  as  those  already 
given,  the  most  elevated  ones  being  usually  between  1800  and 
1900  feet 

After  finishing  this  trip  the  entire  original  make-up  of  the 
party  was  broken  by  the  return  of  Mr.  Winchell  and  myself  to 
the  University.  The  further  work  was  done  by  Mr.  Ogaard. 
who  then  joined  Br.  Grant,  working  on  the  geology  of  the  dis- 
trict. And  on  their  return  to  Ely  the  entire  distance  was 
levelled,  thus  completing  a  very  extended  list  of  bench  marks 
as  a  basis  for  contour  corrections  in  northeastern  Minnesota. 

Below  I  have  added  a  list  of  accurately  determined  points 
from  the  field  notes  of  the  party,  and  have  also,  with  the  aid 
and  advice  of  Mr.  Warren  Upham,  drawn  a  plate  showing  two 
profiles  across  Cook  county  from  Grand  Marais  and  Bml6  lake 
N.  N.  W.  to  the  International  boundary.  These  are  each  27 
miles  in  length  and  are  about  10  miles  apart.  The  one  starting 
at  Grand  Marais  includes  only  such  points  as  fall  within  one  mile 
of  a  direct  line  to  the  west  end  of  North  lake.  The  other, 
starting  at  Brul^  lake,  takes  a  direct  line  to  the  north  quarter 
post  of  sec.  28,  T.  65-4  W.,  and  then  runs  northeast  to  t^e 
granite  ridge,  from  which  place  it  assumes  the  original  direc- 
tion to  the  boundary.    (See  plate  IV. ) 
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The  following  poiDts  are  of  sufficient  promineoce  among 
those  which  have  been  accurately  determiDed  by  level  to  war- 
rant giving  them  a  place  here  for  future  reference: 


Feet  abore 


Feet  Above 


Devil's  Track  lake 1836 

Little  Pine  lake 1837 

Club  Foot  lake 1886 

Pound  lake 

Lake  Ablta 

Brul^  mouDlalD 2170 

Bnil^  Btver  lakes 164B 

Little  Trout  lake 1910 

Bldge  S-  of  Little  Trout  lake.  1994 

Mlsquah  lake 1911 

HUlE.  of  Mlsquahlake.  ... 

Cross  lake 

North  BruW  lake 1854 

Gaskanas  lake 1878 

Winchell  lake 1910 

Hill  S.  of  WlDcbell  lake  In 

sec  34,  64-2  W 2213 

Sbam  lake 1915 

Bruie  lake 1851 

Georgia  lake 1841 

Hlli  at  W.  end  of  Brul^  lake, 

sec.  18,63-3W 2  . 

Surveyor  lake 1849 

Lake  Ida  Belle 1794 

^Narrowlake 1782     Little  Saganasa  lake IflOO 

Eiskadinna  lake 1767     Muscovado  lalte : 1706 

Ham  lake 1706     Greenlake 1730 

Hortb  i  post  of  sec  28,  65-4  W.  2038      Gaiter  lake 1782 

Gunflint  lake 1647     Charley  lake 1763 


Baoadad  lake 1944 

let  lake  K  of  Bauadad  lake. . .  1943 

2d  lake  E.  of  Banadad  lake. . .  1927 

i  lake  E.  of  Banadad  take. . .  1927 

Poplar  lake 1859 

Straight  lake 1879 

Caribou  lake 1668 

Heeds  lake 1879 

HuDgirJack  lake 1667 

Birch  lake 1684 

Daniel's  lake 1884 

DuDcau'a  lake 16M 

Rose  lake 1528 

Bat  lake 1531 

South  lake 1658 

North  lake 1B50 

Little  Gunflint  lake 1648 

Akeley  lake 1779 

Paulson's  lake 1708 

BlackTrautlake(Kakigolake)  1663 

Bashltaaagueb  lake 1657 

Peter  lake  (Clothespin  lake). .  1608 

Gabemichigama  lake 1587 

---moklake 1685 


Loon  lake 1745 

Mayhewlake 1853 

Beaver  lake 1880 

Tucker  lake 1847 


Bear  lake 1748 

Plytnn  Cloud  lake 1788 

Greenwood  Island  lake 1641 

East  and  West  lake 1618 


The  following  are  on  the  canoe  route  from  Gabemichigama 
lalie  westward  to  Ely: 


Feel  above 

FoilakB 1539 

OtfishkeHuncielake 1488 

Dike  lake 1491 

Zeta  lake 1490 

EpsiioD  lake 1460 

Delta  lake 1469 

Gamma  lake 1470 

Beta  lake 1475 

Alpha  lake. 1495 

Kekeqnabic  lake 1497 


Fe«t  aboTS 
Ben  leval. 

Knife  lake 1381 

1st  lake  westQf  Knife  lake....  1371 
2d    "  "  "         "  ....  1367 

3d    "  "  "  "  ....  1361 

Carp  lake 1356 

Sucker  lake 1330 

Basawood  orBasslmeneo  lake.  1300 

Newton  lake 1307 

Fall  lake 1313 

Long  lake. 1337 


Digitized  tyCOOgIC 


140  TWENTY-fiKCOND  ANNUAL  REPORT 

The  following  are  a  few  points  of  promiDence  detennioed  by 
barometric  readings  and  corrected  by  lerel  bench  marks: 

Feet  abore 

Hill  S.  o(  HuniiriT  Jack  lake, 

sec.  3.64-1  W 1902 

Mosalake ...  1129 

Koob  south  of  Dudcud's  lake.  1907 
Bidge  between  Duncan's  and 

Rove  lake 19H 

Rose  Lake  mountain IW: 

Hill,  sec.  31,  fi5-5  W 182T 

Hill,  sec.  29,  85-5  W 1867 

Little  Round  lake IfflT 

Little  Copper  lake 1777 

Lake,  sec.  15,  64-4  W 18S7 

Hill  i  mile  west  of  this  lake. .  1967 

Snipe  lake 175T 

Burnt  bill  north  of  Sntpe  lake  1927 
BiKRonndlake 1702 


Feet  Kbove 
tbe  sea. 

South  Devil's  Track  lake 1613 

EnobS.  of  Little  Fine  lake...  1996 
Knob  3  miles  E.  of  Brule  Ht., 

8ec.24.B3-lW 2050 

Hill  S.  E.  of  Little  Trout  lake  2023 
Hill.  sec.  36,  64-2  W.,at  Winch- 
ell  lake 2230 

Ridge  S.  at  BtmU  rlver.aec  22, 

63-2W 2027 

Granite  ridge  sec.  14,  65-4  W..  1967 
Ridge  Houth  In  sec.  23,  6&-4  W.  1942 

Sea  Gull  lalie 1440 

Bldge  S.  of  Gunfllnt  lake  sec 

25,  te-4  W 1892 

No-name  lake 1767 

Portage  lake.., 1872 
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GENERAL  REPORT  OF  FIELD  WORK. 

I.      RBOIOH  TKAVSBBBD. 

The  territory  assigned  for  iDvestigation  was  ranges  8  to  11 
(ioelusiTe)  west  of  the  Fourth  principal  meridian  between  the 
latitade  of  Ely  and  Snowbank  lakes  and  the  shores  of  lake  Sur^  i 
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perior.  The  writer,  accompanied  by  Mr.  H.  B.  White,  as 
assistant  and  topographer,  and  Mr.  B.  F.  Merrill,  left  EI7  May 
4th  and  spent  the  first  week  in  making  observations  around 
White  Iron  lake.  As  soon  as  the  ice  had  sufficiently  broken  Dp 
to  permit  canoe  travelling,  a  trip  was  taken  up  the  Kawishiwi 
river,  north  through  Triangle,  Moose,  Snowbank  and  Disap- 
pointment lakes.  Snowbank  lake,  excepting  a  narrow  passage 
along  the  south  shore,  was  covered  with  a  field  of  ice.  The 
work  assigned  on  this  lake  was  thus  postponed  until  later  in 
the  season.  Wilder  lake  completes  the  list  of  lakes  examined 
during  May.  During  June  the  region  around  the  south  Ea- 
wishiwi  and  Isabelle  rivers  was  ezamioed. 

Some  of  the  important  lakes  which  were  geologically 
reviewed  and  investigated,  are  Isabelle  Trail,  Bald  Elagle, 
Gull,  Gabbro  and  the  eastern  end  of  Birch  lake.  An  overland 
trip  through  townships  60-lt  and  61-11  was  taken  during  the 
latter  part  of  the  month.  The  work  was  considerably  hindered 
by  the  great  forest  fires  upon  the  Mesabi  range.  The  north- 
western part  of  T.  60-11  was  swept  by  the  fire  and  the 
Stony  river  marks  the  eastern  extent  of  the  great  conflagra- 
tion. Numerous  other  fires  were  started  by  careless  campers 
and  large  quantities  of  valuable  timber  were  destroyed.  Dur- 
ing the  hight  of  the  fire  the  sun  was  obscured  by  the  smoke  for 
several  days. 

In  July  a  trip  was  taken  up  the  Stony  river  to  Sand  lake 
(T.  59-11)  and  to  the  center  of  T.  59-9.  This  river  is  so  named 
on  account  of  the  large  number  of  boulders  in  the  stream, 
which  greatly  hinder  and  even  make  canoeing  quite  danger- 
ous. Prom  the  Stony  river  the  work  was  transferred  to  the 
south  branch  of  the  Isabelle  river  in  T.  60-9. '  Heavy  rwHS 
filled  the  streams  and  made  travelling  comparatively  easy  on 
the  rivers,  but  almost  impossible  through  the  swamps.  Owing 
to  the  unexplored  condition  of  this  region  it  was  necessary  to 
cut  a  number  of  portages.  A  canoe  route  was  made  from 
Smokehouse  lake  (sec.  28,  T.  60-9)  to  Clear  lake  in  section  U 
of  the  same  township.  This  makes  a  complete  conDection  of 
the  three  principal  canoe  routes  used  in  reaching  the  head- 
waters of  the  streams  flowing:  north.  From  Clear  lake  we  wenl 
down  the  south  Isabelle  river  and  returned  to  Ely.  After  get- 
ting supplies,  several  days  were  spent  on  Snowbank  lake  to 
make  the  observations  which  were  postponed  on  account  of  the 
ice  during  our  flrst  visit  to  this  lake. 
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We  went  up  the  south  Isabella  river  to  Clear  lake,  from  which 
a  two  weeks' overland  trip  was  made  through  townships  61, 
60,  59  and  58  of  range  8.  This  was  by  far  the  hardest  part  of 
the  summer's  work.  The  region  around  G-reenwood  lake  was 
next  examined.  The  prominent  elevation  south  of  the  lake 
was  called  Greenwood  mountain.  It  is  an  oblong  ridge  about 
a  mile  long,  extending  in  an  east  and  west  direction,  a  mile 
wide  at  the  base,  one  half  a  mile  across  the  top,  one  hundred 
and  fifty  feet  above  the  lake  and  the  surrounding  country, 
which  is  nearly  level  and  has  an  approximate  altitude  of  1850  feet 
above  sea  level  and  is  covered  with  a  heavy  growth  of  green 
timber.  From  Greenwood  lake  it  is  the  only  ridge  visible,  and 
can  be  readily  recognized  by  its  peculiar  form  from  the  high 
hiUs  at  Disappointment  lake,  fifty  miles  north,  and  from  the 
ridges  around  Beaver  bay,  seventy-five  miles  southeast.  Green- 
wood mountain  marks  the  most  prominent  western  outcrop  of 
the  group  of  rocks  called  "red  rock"  on  the  map  accompany- 
ing this  report.- 

The  examination  of  townships  58-H  and  67-10  and  11 
was  completed  by  the  first  of  September.  During  the 
months  of  May,  June,  July  and  the  fore  part  of  August  the 
sappties  were  obtained  at  Ely.  In  August  a  trip  for  supplies 
was  taken  down  the  St.  Louis  river  to  the  Dnluth  &'  Iron  Range 
R.  R.  and  thence  by  rail  to  Mesabi. 

On  September  2d  the  headquarters  were  transferred  to  Two 
Harbors  and  Beaver  Bay.  At  Two  Harbors  Mr.  John  Bean, 
an  experienced  surveyor  and  one  well  acquainted  with  the 
region  to  be  examined,  was  employed  in  place  of  Mr.  White, 
who  left  for  Minneapolis  August  23d.  Three  weeks  were 
spent  in  the  vicinity  of  Beaver  Bay.  Special  attention  was 
^ven  to  the  relations  of  the  anortborsyte  to  the  other  rocks. 
Three  excursions  were  made  north  from  Beaver  Bay  to  con- 
nect with  the  work  carried  on  from  the  north  during  the  fore 
part  of  the  season.  The  remainder  of  the  season  was  spent  in 
working  north  of  Two  Harbors. 

On  October  SOth  the  work  assigned  for  the  season  was  com- 
pleted and  the  party  disbanded. 

U.      ROUTES  OF  TRAVEL  IN  T^KS  COITNTT. 

The  different  routes  of  travel  by  which  points  in  this  region 
are  made  accessible  will  be  given  in  groups  under  the  places 
from  which  they  start 
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Ely  Routes.  The  caDoe  routes  along  the  IntematioDal  bouD- 
dary  and  the  Kawishiwi  (Cashaway)  river  are  well  known  and 
need  no  description.  The  Isabelle  river  route  follows  the 
Kawishiwi  river  to  the  portage  in  sec.  30,  T.  63-10,  passes 
through  Clearwater  lake  to  the  south  Eawlshiwi  river  in  sec 
32,  T.  63-10,  and  then  through  Oabbro  and  Bald  Eagle  lakes 
and  up  the  Isabelle  river,  which  flows  through  the  southern 
tier  of  sections  of  T.  62-8  and  9,  to  Isabelle  lake  in  the  soath- 
eastern  part  of  T.  62-8.  The  main  atream  of  the  Isabella  river 
crosses  the  northeastern  part  of  T.  61-8,  and  comes  from  Bel 
lissima  lake  in  the  southeastern  part  of  T.  61-7. 

A  short  distance  east  of  the  portage  in  the  center  of  sec  34, 
T.  62-9,  is  the  mouth  of  the  south  branch  of  the  Isabelle  river. 
This  river,  although  of  considerable  size,  spreads  oat  near  the 
mouth  into  low  marshy  ground  and  is  almost  wholly  oon- 
cealed.  It  flows  in  a  zigzag  manner  in  a  northeasterly  direc- 
tion through  T.  61-9,  and  in  T.  60-9  it  flows  in  a  southwesterly 
direction.  The  river  is  canoeable  to  the  lake  in  sec.  15,  T. 
60-9,  from  whence  a  portage  is  crossed  to  Clear  l£ike  in  sec.  14, 
on  another  branch  of  the  Isabelle  river  which  flows  northeast 
from  there,  and  is  not  canoeable.  From  Clear  lake  trails  ccm- 
nect  with  the  Mesabi  and  Beaver  Bay  trail,  and  trails  running 
through  T.  60-8  and  T.  B9-8. 

The  Stony  river  route  from  Ely  is  through  White  Iron  and 
Birch  lakes,  then  up  the  Stony  river  which  empties  into  die 
lake  in  section  30,  T.  61-11,  in  a  concealed  hay  nearly  a  mile 
long.  From  Birch  lake  to  Slate  lake  the  river  is  full  of  rapids 
and  numerous  portages  must  be  crossed.  The  fall  in  the  river 
through  this  distance  is  about  230  feet  On  account  of  the  dif- 
ficulty experienced  in  going  up  the  river  to  Slate  lake,  this 
part  of  the  route  is  seldom  used.  The  Harris  lake  route  or  the 
"60-10"  winter  road  is  taken  instead.  This  road  leaves  Birch 
lake  in  the  narrow  bay  in  sec.  20,  T.  61-11  and  reaches  Harris 
lake  in  sec.  27, — a  distance  of  three  miles  (6,000  paces). 
Harris  lake  is  170  feet  above  Birch  lake.  From  the  east  end 
of  the  lake  the  road  runs  southeast  to  Slate  lake  a  distance  of 
four  miles,  and  follows  the  Stony  river  to  Pike  lake  in  sec  36, 
T.  60-10.  A  portage  from  Pike  lake  goes  to  Smokehouse  lake 
and  the  Isabelle  river.  At  "Headquarter  camp"  in  the  center 
of  sec.  21,  T.  60-10  a  short  trail  runs  east  through  the  center  of 
Towns.  60  10  and  9  and  crosses  the  southwest  comer  of  T.  60-8. 

For  the  portages  on  the  Isabelle  and  Stony  rivers,  see  the 
list  of  altitudes  given  below. 
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Sfembi  route.  This  trail  leaves  Mesabi  station,  follows  the 
Masabi  range  to  the  north  town  line  of  T.  59,  and  continues  east- 
ward along  the  same  line  to  the  northeast  csomer  of  T.  59-8 
where  it  crosses  Beaver  Bay  trail  running  northward.  From 
here  the  trail  continues  southeast  and  eastward  to  Pork  bay  on 
lake  Superior.  Minor  trails  run  north  and  south  from  the  main 
one  at  different  points.    This  is  not  a  canoe  route. 

St.  Louie  river  route.  This  route  leaves  the  Dulutfa  and  Iron 
Bange  R.  R.  at  the  St.  Louis  river  and  follows  the  river  nearly 
up  to  itfi  source  in  T.  59-11  and  then  by  a  portage  four  miles 
long  crosses  to  Sand  and  Stony  lakes  and  the  Stony  river,  or 
from  Sand  lake  to  Oreenwood  lake. 

Cloquet  route.  A  trail  leaves  the  railroad  at  Cloquet  river  and 
runs  to  the  north  line  of  town  55  fuideastontheline  tothelake 
in  the  northwest  comer  of  T.  55-10.  From  here  a  good  trail 
runs  north  to  the  two  lakes  in  sectloos  29  and  31,  T.,  56-10  and 
east  along  the  north  line  of  sections  26,  27  and  26;  then  it  takes 
a  southeasterly  direction  to  the  northeast  comer  of  sec.  85,  and 
thence  eastward  across  T.  56-9  to  the  Beaver  Bay  and  Green- 
wood lake  trail. 

Highland  route.  This  trail  leaves  the  railroad  one  mile  north 
of  the  station  and  is  easily  followed.  In  town  55-10  it  has  num- 
erous branches  and  connects  with  the  Cloquet  trail. 

Two  Earbore  trails.  The  county  road  runs  along  the  lake 
shore  from  Duluth  to  Orand  Marais  passing  through  Two  Har- 
bors and  Beaver  Bay.  A  tr^  leaves  Two  Harbors  and  follows 
the  line  between  ranges  10  and  11  north  to  the  Highland  trail. 
A  number  of  minor  trails  leave  here,  but  it  is  unnecessary  to 
mention  them  as  they  are  well  known.  From  Two  Harbors  to 
Beaver  Bay  the  usual  route  is  by  steamer. 

Beaver  Bay  routes.  Besides  the  county  road  there  are  several 
good  town  roads  which  run  north  into  T.  53-8  and  west  to  T. 
65-9.  From  the  end  of  the  road  in  sec.  27,  T.  56-8,  a  trail  runs 
to  SchafTs  lake  in  sec.  12  and  from  the  east  end  of  the  lake 
follows  the  range  line  north  to  the  northeast  comer  of  T.  59-8 
where  it  connects  with  the  Mesabi  trail.  The  trail  does  not 
^ollow  the  range  line  very  closely,  but  runs  about  one-half  a 
mile  east  of  it.  The  Greenwood  lake  trail  leaves  the  town  road 
in  the  center  of  sec.  9,  T.  55-8,  and  runs  nearly  northwest  to 
Greenwood  lake  twenty-four  miles  from  Beaver  Bay.  An  old 
and  indistinct  trail  follows  the  line  between  ranges  9  and  10, 
between  the  Mesabi  and  Greenwood  trails.      A  portage  fonr 
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miles  long  cooQects  G-reenwood  lake  with  Sand  lake.      In  sec. 
26,  T.  56-9  the  Oloquet  trait  connects  with  the  main  trail 

Among  other  trails  which  run  north  from  lake  Superior  those 
following  the  Split  Rock  and  Gooseberry  rivers  and  the  one  on 
the  line  between  ranges  9  and  10  are  tiie  only  ones  deseiring  to 
be  mentioned.  In  T.  55-9  are  a  number  of  trails  which  connect 
with  the  more  important  ones  given  upon  the  map. 

III.  ECONoanc  rebourcxs  of-  lass  county. 
Upon  this  subject  not  much  can  be  said.  In  the  northwest- 
em  part  of  the  county  are  numerous  outcrops  of  iron  ore,  but 
beyond  a  few  diamond  drill  sections,  nothing  has  been  done 
toward  exploring  and  mining  the  ore  bodies.  •  Towns  61  wid  62 
are  nearly  wholly  within  the  gabbro  area.  Both  of  these 
towns  are  absolutely  worthless,  being  covered  with  bare  knobs 
of  granite  and  gabbro,  and  with  swamps  in  the  valleys.  Town 
60  has  a  large  amount  of  valuable  timber,  mostly  white  and 
Norway  pine.  The  greater  part  of  this  when  cut  will  be  taken 
down  the  Stony  river  and  thence  to  Fall  lake,  where  a  saw  mili 
is  in  operation.  Towns  59,  58  and  57  have  scattering  patches 
of  good  timber,  bat  on  accormt  of  the  small  quantity  scattered 
over  so  large  a  region,  and  the  inaccesibility  of  the  same  for 
the  present,  this  has  but  little  value.  The  greater  part  of 
these  towns  is  covered  with  "muskeg"  and  almost  impassable 
cedar  ("tanglefoot")  swamps.  In  T.  56  there  is  a  largeamount 
of  good  timber,  the  greater  part  of  which  is  not  yet  large 
enough  to  be  cat.  T.  56-8  has  considerable  farming  land.  In 
Ts.  55-10  and  11  and  54-11  there  is  considerable  timber  which 
is  widely  scattered.  The  towns  immediately  back  from  tbe 
shore  of  lake  Superior  have  good  hay  meadows  and  agricultu- 
ral land.  That  farming  can  be  successfully  carried  on  in  .this 
region  is  shown  by  the  flourishing  farms  around  Beaver  Bay. 
The  region  is  not  very  heavily  wooded.  Maple  trees  are  quite 
common. 

IV.     TOPOQKAPHY. 

The  topographical  work  consisted  of  drawing  contour  lines 
for  every  fifty  feet  in  elevation  above  the  sea  level  and  the  de- 
termination of  the  altitude  of  all  prominent  places.  An  ane- 
roid  barometer  was  used  to  determine  the  altitudes.  Especial 
care  was  taken  in  obtaining  the  hights  of  the  various  lakes  uid 
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rivers  along  the  more  common  routes  of  travel-  Whenever 
possible  the  altitudes  determined  along  these  separate  routes 
were  checked  with  each  other  in  order  to  eliminate  any  errors 
which  might  have  arisen.  The  fall  over  rapids  in  the  rivers 
when  less  than  five  feet  was  estimated. 

The  mapping  of  plates  78  and  79,  embracing  Ts.  61-10  and  11 
62-10  and  11,  and  Ts.  62-8  and  9  and  63-8  and  9,  respectively, 
was  completed. 

In  Ts.  64-8  and  9  the  region  around  Disappointment,  Snow- 
bank, Ensign  and  Moose  lakes  was  mapped  in  connection  with 
the  geological  work.      * 

In  the  region  south  of  plates  78  and  79  and  north  of  the  water 
divide  between  the  streams  flowing  into  lake  Superior  and  those 
flowing  northward,  the  principal  determinations  were  along  the 
Stony  river  to  its  source  in  T.  58^10;  the  laabelle  river  and  its 
southern  branches;  St.  Louis  river  from  the  Duluth  &  Iron 
Range  R.  R.  to  its  source  in  section  17,  T.  59-11.  The  alti- 
tudes along  the  main  lines  were  computed  from  the  month  of 
the  rivers  toward  their  source,  and  were  checked  at  the  follow- 
ing places:  Seven  Beaver  lake  on  the  St.  Louis  river  to  Sand 
lake  which  is  tributary  to  the  Stony  river;  Pike  lake  (sec.  36, 
T.  60-10),  a  widening  of  the  Stony  river,  through  Smokehouse 
lake  (sec.  28,  T.  60-9)  to  the  South  Isabelle  river  in  sec.  27,  T. 
60-9,  and  then  to  Clear  lake  in  sec.  14,  T.  60-9  on  the  south 
east  branch  of  the  Isabelle  river. 

Region  fUMsund  Beaver  Bay. — The  work  is  this  locality  was 
carried  on  from  lake  Superior  toward  the  interior  and  connec- 
tions were  made  with  the  work  on  the  north  of  the  "divide." 
Ts.  85,  56,  57  of  ranges  8  and  9  are  included  in  this  area. 

North  of  Two  Harbors. — The  measurements  taken  in  towns 
5S  to  56,  inclusive,  of  ranges  10  and  11  are  only  approximate 
and  In  some  cases  are  merely  estimated. 

The  following  altitudes  or  the  more  important  places  deter- 
mined during  the  season's  work  have  been  corrected  by  Mr. 
Warren  Upham  and  the  writer.  The  fall  in  the  rivers  at  the 
various  rapids  depends  entirely  upon  the  amount  of  water  in 
the  river.  In  a  number  of  instances  the  short  and  low  rapids 
disappear  in  high  water,  while  in  low  water  it  is  often  neces- 
sary to  drag  a  canoe  for  several  miles  through  shallow  water 
and  continuous  rapids. 
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AUttudet  in  Feet  Above  ike  Sea. 
Detenained  by  aneroid  barometers;  excepting  several  lakes 
■designated  by  asterisks  {*),  whose  bights  are  known  by  level- 
ing: 

Disappointment  bill,  sec  36, 
T.  64-8.  about  1  mile  east  of 

this  late 18S0 

Gabbro  lake 146* 

Bald  E^lelake 1468 

Lake  an  the  Isabelle  river, 
sec^2gand  32,  T.  62-8......  1S31 

Lake  Isabelle ISTO 

BelllBslma  lake .'..  1650 

Harris  lake 1580 

Slate  lake 1640 

Stony  lake 1668 

Sand  lake 1674 

Greenwood  lake 170S 

Greenwood  mountatni  aec  30, 
T.6S-10,  about  11  miles  south 

of  this  lake IBM 

Lakes  In  the  west  part  of  T. 
56-11,  at  the  head  of  the  St. 

Lonls  river 1685 

Seven  Beaver  lake 167G 

Pine  lake IWS 

Pike  lake IWO 

Lakelnsec.  22,T.  59-9 1T45 

Muck  lake,   at  the  head   of 

Stony  river ITO 

Smokehouse  lake 1140 

Clear  lake noi 

Adams  lake 1800 

Schaira  lake .-  10e> 

Bear  lake IIW 

Lake  Superior,  mean,  I8T0- 
1868,  above  mean  tide  sea 
level *602 


Fall  lake "1313 

Garden  or  Eve  lake "1384 

Farm  lake 1386 

White  Iron  lake 1395 

Birch  lake 1410 

-Gopeland's  lake 1426 

e'ork  of  the  Kawlshiwl  rtver, 

sec.  26,  T.  63-10 1435 

'Crab  lake  and  northeast  elbow 
of  Eawlshlwi  river  In  sec.  15, 

T.  83-9 1471 

Sidges  about  i  mile  north  of 
the  Kawlsbiwt  river.  In  the 
northwest  part  of  T.  63-9, 

about  1730 

Large  lake  on  the  Kawlshiwl 
river,  in  the  southeast  part 

of  T.63-0 1491 

Xake  of  Eawishlwi  river,  sec. 

33,  T.  63-8 1620 

Wilder  lake 1640 

Xake  Alice 1544 

Triangle  lake 1490 

North  Twin  lake 1475 

Baselmenan  (Basswood)  Iake.*1300 

Sucker  lake 1330 

New  Found  lake 1331 

Wind  lake 1360 

Mooee  lake 1339 

Jaaperlake "1387 

Snowbank  lake '1424 

Ensign  lake ,..*1342 

Disappointment  lake 1499 


Portages  on  the  Stony  river. 
From  Birch  lake  (1410  feet  above  the  sea)  to  Slate  and  Pike 
lakes  and  the  lake  in  sec,  22,  T.  50-9. 


Leogth.  LoofttloD. 

imile  ...!..S.E.  i  sec.  30.  T.  61-11 

imile N.  E.  i  of  N.  E.  i,  sec.  31,  T.  61-11 

1  rod S.  W.  i  of  N.  E.  i,  sec.  31,  T.  61-1 1 

imile N.  part  of  S.  E.  i,  sec.  31,  T.  61-11 

i  mile Crossing  south  line  of  sec.  31 

imile N.  E.  i  of  a  E.  i,  sec.  6,  T.  60-11 

30  rods K.  W.  iofN.  W.  i,  sec.  8,  T.  60-11 

imlle W.  *orS,  W.  1,  sec.  9,  T.  60-11 

imile S.  W.  iotN.  E.  1,  sec.  17,  T.  60-11 

imile North  edge  of  S.  W.  i,  sec.  16,  T.  60-11.. 

imile S.  W.  iofN.  E.  i,  sec.  16,  T.  60-11 

8  rods S.  W.  lof  S.  W.  i,  sec.  10,  T.  60-11 

i  mile Central  part  of  sec.  10,  T.  60-11 . 


Id  feet,    abora 
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14.     Sbortrap)ds.N.W.io[S.S.i,  sec.  10,  T.  60-11 2       1614 

The  usual  Dortage  iDstead  of  the  last  three 
is  I  mile  long,  from  the  N.  W.  corner  of 
sec.  16  to  the  N.W.  i  of  the  S.  £.  i  of  sec. 
10. 

16.    (mile Kpartof  see.  llaodW.  partof  sec.  12...       10       1624 

16.  4  mile S.  *of  seo.l«,T.  fO-U 10       1634 

17.  U  mile Current  and  rapids  to  Slate  lake 6       1640 

18.  »  mile Across  E.  part  of  sec.  17,  T.  60-10,  to  ChalJ 

lake 15       1656 

19.  tmlle S.  K  throunh  N.  W.  i,  sec.  21,  to  Stony 

river  at  Headquarters  camp,   near  the 

center  of  this  section 10  1665 

20.  ShortrapldsN.  W.  i,  sec.  34,  T.  60-10,  to  Stony  lake....  8  1666 

21.  I  mile CrosalngN.  W.  t,  sec.  35,  toPlkelake....  32  1700 

22.  Imile S.  i  of  sec  31,  T.  60-9 28  1728 

23.  Currentandrapidstolakelnsec.  8,T.  59-9 11  1739 

.24.     Current  and  rapids  to  lake  In  sec.  22,  T.  50-9 6  1745 

Portages  on.  the  south  branch  of  Isabelle  river. 
In  aBcendin^  the  Isabelle  river  from  Bald  Eagle  lake  (1468 
feet  above  the  sea)  a  portage  about  a  half  a  mile  long  is  made 
ID  sec.  5,  T.  61-9,  with  ascent  of  50  feet,  to  1518;  and  two  short 
portages  saccessively  ascend  2  and  5  feet  in  the  south  part  of 
sec.  84,  T.  02-9,  to  ihe  north  of  this  south  branch,  near  the 
middle  of  the  east  half  of  this  sec.  34,  at  1526  feet 


Loe&tlon. 


10  rods S.  W.  i  of  sec.  3,  T.  61-9 

imtle S.  E.  i  of  N.  W.  i,  sec.  9,  T.  61-9 

20rod8 N.  iof  sec.  16,  T.  «1-B 

imIle S.  inf  sec.  16,  T.  61-9 

2rods H.W.  Iof  N.  E.  i,  sec.  29,  T.  81-9 

imIle K.  B.  iof  N.  W.  i,  sec.  29,  T.  61-9 

26rod8 N.  pari  of  S.  W.  i,  sec.  29,  T.  61-9... 

i  mile Near  the  oeDt«r  of  the  S,  W.  1,  sec.  29 

Brods S.  W.  corner  of  sec.  29,  T.  61-9 

(mile W.  t  of  sec  32.  T.  61-9,  T.  61-9 

imlle S.  W.iofS.  W.l.sec  B,  T.  60-9 

2rod8 S.  W.  corner  of  sec.  8,  T.  80-9 

imlte E.  Mrtof  N.  W.  i,  sec.  8,  to  a  small  lake.. 

tmlle S.  E.  corner  of  sec.  8,  T.  60-9 

imile S.  W.  1,  sec.  9,  T.  60-9 

Imile S.  E.  i,  sec.  9,  and  S.  Vf.i,  sec.  10,  T.  60-9. 

lOrods W.  editeof  S.  E.  1.  sec  10,  to  lake  In  theN. 

E.  iof  sec.  15,  T.  flO-9 

1  mile From  foregolne  lake  through  N.  i  of  sec. 

14,  T.  60-9,  to  Clear  lake 

I  mile From  Clear  lake  southwest  to  the  South 

branch   of  Isabelle  river  in  the  south 

edge  nf  the  N .  E.  i  of  sec  22.  T.  60-9 . . . . 

l5rods H.  edge  of  S.  E.  i,  sec.  22,  T.  60-9 

lOrods Central  part  of  S.E.i,  sec.  22,  T.  60-9,  to 

lake  on  the  south  linfiof  this  section.... 
i  mile  .     . .  .From  foregoinK  lake  southwest  through 

the  K.  W.  i  of  sec.  27,  T,  60,  E.  9.  to 

Smokehouse  lake 


1643 
1646 
1660 
1665 
1680 
1700 

1704 

1704 
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V,     MAP  OF  THE  WB8T-0BNTRAL  FAST  OF  LAKE  COUBTT. 

The  map  of  the  west-central  part  of  Lake  county  which  ac- 
companies this  report  comprises  townships  i5  to  61  inclosive, 
of  ranges  8  to  11  inclusive.  Nearly  one-half  of  this  area  is 
still  unsurveyed.  The  surveyed  townships  excepting  the 
southern  tier  of  towns,  T.  56-8  and  T.  57-11,  were  surveyed 
within  the  last  two  years.  The  plats  of  the  unsurveyed  parts 
were  compiled  from  data  collected  by  the  writer.  The  town 
and  range  lines  have  been  run  through  this  region  and  all 
points  were  located  by  pacing  and  running  by  compass  from 
known  points  on  these  lines.  In  order  to  guard  against  errors, 
all  necessary  corrections  were  made  in  the  field.  The  follow- 
ing towns  are  not  surveyed:  61-8  to  11,  60-8,  59-9  and  10,  58-8 
to  11,*  and  57-8  to  10.  TraUs  and  portages  are  indicated  by 
dotted  lines  and  were  fully  described  in  a  preceding  section. 
The  geological  boundaries  are  indicated  by  the  continuous 
lines  drawn  between  the  words  gdbbro,  red  rock  and  diaiMse. 
These  terms  are  used  as  convenient  designations  for  the  three 
large  groups  of  rocks  included  within  this  area,  and  will  be 
explained  in  the  geological  part  of  this  report    (See  plate  V.) 


GEOLOGICAL  NOTES   ON  NORTHEASTERN 
MINNESOTA. 

I.      INTRODUCTION. 

The  notes  contained  in  the  following  pages  are  based  uptm 
observations  made  for  the  state  geological  survey.  The  labo- 
ratory work  has  been  carried  on  in  the  laboratories  of  the  de- 
partment of  geology  in  the  University  of  Minnesota.  Over 
three  hundred  thin  sections  have  been  made  from  specimens 
collected  for  the  greater  part  by  the  writer.  Lack  of  time, 
alone,  prevents  a  more  extended  account  of  the  observations 
made  from  being  given  at  this  time.  The  writer  hopes  in  the 
near  future  to  give  in  fuller  detail  the  results  of  further  exam- 
ination of  the  Keweenawan  emptives  of  the  north  shore  of  lake 
Superior.  In  giving  the  township  and  range  in  these  notes  the 
township  is  always  north,  and  the  range  is  always  west  of  the 
Fourth  principal  meridian,  Minnesota,  unless  otherwise  stated. 

The  writer  desires  to  express  his  sincere  thanks  to  Prof. 
0.  W.  Hall,  of  the  University,  and  to  Prof.  N.  H.  WincheU  and 

»  BO-8  and  68-10  and  II  have  Ijeon  reoelred 
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Dr.  n.  S.  Crrant,  of  the  geological  survey,  for  kind  assistance 
given  throughout  the  investigation. 

II.      SNOWBANK  LAKE   AREA. 
Begion  north  of  the  lake. 

Observations  on  the  rock  outcrops  on  the  shores  of  this  lake 
are  found  In  the  15th,  17th  and  20th  annual  reports  of  the  sur- 
vey. The  writer's  attention  was  directed  to  the  hitherto  unex- 
plored region  extending  from  the  north  shore  of  the  lake  to 
Moose,  Newfound  and  Ensign  lakes.  Between  Moose  and 
Snowbank  lakes  five  cross  sections  were  made.  On  the  south 
shore  of  the  former  lake  the  rocks  are  sericitic  and  argillitic 
schists.  The  range  of  bills  extending  parallel  with  the  lake 
shore  is  composed  of  vertical  beds  of  schists,  argiUyte  and  con- 
glomerate. South  of  these  hills,  at  points  from  one-fourth  to 
three-fourths  of  a  mile  distant  from  the  lake  shore  and  then 
extending  southward  through  a  swamp  and  valley,  are  extens- 
ive outcrops  of  quartzless  porphyry.  This  rock  extends  nearly 
to  Snowbank  lake,  on  the  west  shore  of  which  is  also  a  ridge 
of  schists  and  conglomerates. 

The  fKM»mpanying  section,  Plate  VI,  Fig.  2,  (facing  p.  160), 
from  the  N.  E.i  of  N.  W.  i  of  sec.  35,  T.  64-9,  on  Snowbank  lake, 
N.  W.  to  the  1  of  S.  W.  i  of  sec.  22.  on  Moose  lake,  fairly  repre- 
sents the  rocks  north  of  Snowbi^nk  lake.  The  direction  is  nearly 
northwest  and  southeast,  directly  across  the  strike  of  the  verti- 
cal formations.  Beginning  at  Moose  lake  the  numbers  corres- 
ponding to  those  on  the  diagram  denote  the  different  kinds  of 
rocks  occuring  along  this  section. 

1.  Sericitic  schist.  At  the  lake  shore  this  schist  is  dark  in 
color,  fine  grained  and  has  a  greasy  appearance.  One  hundred 
and  fifty  paces  from  the  shore  at  the  base  of  a  perpendicular 
cliff  one  hundred  feet  high  is  a  light  colored  sericitic  schist 
(165E;  with  small  angular  and  round  feldspars. 

2.  At  the  top  of  the  cliff  this  rock  grades  into  a  schist 
(164E),  in  which  the  feldspar  nodules  have  developed  to  well 
defined  kijots  one-fourth  of  an  inch  in  diameter.  The  schists 
stand  nearly  vertical,  dipping  at  different  places  slightly  to 
the  north  or  south.  The  strike  is  about  northeast  and  south- 
west, although  in  some  places  along  Moose  lake  it  varies 
from  east  and  west  to  nearly  north  and  south.  Two  hundred 
paces  from  the  top  of  the  cliff  the  rock  has  changed  to  a  dark 
argillitic,  sericitic  schist  (166E),  in  which  the  knotted  strncture 
has  been  dveloped  to  a  greater  extent.     From  the  same  out- 
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crop  specimen  167E  shows  feldspars  two  inches  long.  The 
weathered  surf2H;e  here  looks  somewhat  similar  to  that  of  the 
finely  concretionary  greenstone  of  Ely, 

3.  Two  hundred  and  fifty  paces  farther  and  on  the  Booth 
side  of  a  small  swamp,  is  an  extensive  outcrop  of  argillyte 
(277E).  This  rock  breaks  up  into  small  chips  and  tablets  an 
inch  ttiick. 

4.  Two  hundred  paces  from  the  last  outcrop,  in  a  dense 
balsam  thicket,  is  a  knob  of  conglomerate  fifty  feet  in  diam- 
eter. In  the  conglomerate  are  numerous  rounded  and  angular 
pebbles  of  jasper,  varying  in  size  from  very  fine  grains  to  those 
three  inches. in  diameter.  Many  of  these  pebbles  show  beau- 
tiful banding.  Besides  this  jasper  are  gneiss,  granite' and  slate 
pebbles  not  exceeding  four  inches  in  diameter.  The  matrix  of 
the  conglomerate  is  fine  grained  and  green  in  appearance 
(276E).  In  another  outcrop  of  this  conglomerate  fifty  paces 
northeast  of  here  granite  boulders  a  foot  in  diameter  are  com- 
mon. The  conglomerate  forms  the  highest  part  of  the  ridge 
south  of  Moose  lake. 

5.  In  the  next  one  hundred  paces  there  is  descent  of 
seventy-five  feet  into  a  swamp  about  a  mile  wide.  Near  the 
northern  edge  of  the  swamp  is  an  outcrop  of  quartzless  por- 
phyry, which  cuts  the  conglomerate  and  forms  mica  schist  as  a 
contact  rock.  In  crossing  the  swamp  there  are  occasional 
outcrops  of  porphyry. 

6.  In  the  N.  W.  i  of  S.  W.  i  of  sec.  26,  T.  64-9,  about  two 
hundred  paces  west  of  Snowbank  lake,  the  porphyry  cuts  a 
bed  of  conglomerate.  This  differs  from  number  4  in  that  no 
jasper  pebbles  were  found. 

7.  In  the  conglomerate  are  beds  of  epidote  schist  and  the 
whole  grades  into  argillyte.  No  distinct  boundary  between 
this  bed  and  the  preceding  one  can  be  marked  out 

8.  About  four  hundred  paces  southeast  of  number  6  and  on 
the  broad  point  in  section  26  the  argillyte  grades  into  a  hom- 
blend  mica  schist  which  is  considerably  contorted  and  cat  by  a 
hornblende  granite. 

9.  The  granite  continues  to  the  shore  of  Snowbank  lake  in 
the  N.  W.  J  sec.  85,  T.  64-9. 

Of  this  series  of  rocks  the  porphyry  is  the  most  important. 
Quartz  porphyry  dikes  are  of  common  occurrence  in  the 
Keewatin  rocks  of  Minnesota,  but  in  no  place  does  it  occur  id 
such  a  large  mass  as  it  does  west  of  Snowbank  lake.      Here  it 
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extends  io  a  northeast  and  soutbTCest  direction  from  the  center 
of  section  23,  T.  64-9,  thron^rh  sections  27,  33  and  34,  then  west- 
WEud  to  the  west  range  line  of  T.  64-9,  a  length  of  five  and  on& 
half  miles;  it  varies  in  width  from  three  fourths  to  one  and  ono 
half  miles.  The  rock  is  exceedingly  hard,  but  owing  to  the 
basaltic  strncture,  it  readily  breaks  into  angular  blocks.  The 
area  in  which  this  prophyry  occurs  is  covered  with  these- 
blocks.  The  readiness  with  which  the  prophyry  breaks  into 
angular  blocks  probably  explains  why  it  is  found  in  a  valley 
between  ridges  of  mainly  sedimentary  rocks.  Although  these 
latter  rocks  are  more  easily  abraded  by  the  ice  and  at  present- 
decompose  more  rapidly,  the  porphyry  being  easily  broken 
oS  in  large  blocks  would  be  removed  in  much  larger  amounts 
leaving'  a  depression  betweeu  the  elastics.  When  freshly 
broken  the  porphyry  has  a  purple  to  grayish  color.  On  a. 
weathered  surface  the  rock  is  white  and  occasionally  is  stained 
yellow  or  red  by  ferric  oxide.  Porphyritic  crystals  of  felds- 
par are  numerous;  those  of  quartz  are  rare  and  in  the  larger 
number  of  specimens  are  entirely  absent.  Under  the  micros- 
cope felspar  phenocrysts  of  all  sizes,  up  to  one  fourth  of  an 
inch  in  length,  are  embedded  in  a  microcrystalline  groundmass 
of  quartz  and  feldspar.  The  feldspars  are  orthoclase  and 
oligoclase  and  show  a  more  or  less  altered  condition.  In  SOB 
the  feldspar  has  been  replaced  by  quartz.  Quartz  phenocrysts. 
occur  only  in  small  quantities  and  sometimes  are  pseudo- 
morphs  after  the  feldspar.  Chlorite  and  epidote  occur  in  small 
flakes  throughout  the  rock.  Biotite  and  apatite  are  rarely 
present.  Specimen  iOaE  represents  the  quartzose  phase  of 
the  porphyry.  In  thin  section,  besides  the  usual  constituents, 
there  are  numerous  quartz  phenocrysts.  These,  with  but  one- 
or  two  exceptions,  occur  as  round  grains  with  corroded  edges, 
and  have  a  wavy  extinction.  The  felspars  are  exceptionally 
well  developed.  Epidote  is  present  in  small  plates  and. 
chlorite  is  scattered  throughout  the  section. 

Whenever  the  relations  of  the  porphyry  and  the  other  rocks, 
of  this  region  could  be  determinfed  it  was  found  that  the 
porphyry  cuts  the  Keewatin  rocks,  sending  dikes  far  across 
Uie  strike  of  this  formation.  A  great  deal  of  the  disturbance 
of  the  Keewatin  rocks  in  this  locality  is  due  to  the  intmsioc  of 
the  porphyry  and  not,  as  it  is  generally  supposed,  to  the 
granite  of  Snowbank  lake,  which  is  the  youngest  formation  in 
region.    Dikes  of  granite  (56E)  cut  the  green  schist  (58E)  and. 
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the  porphyry  (55E)  in  the  S.  E.  i  of  the  N.  W.  i  of  sec.  26.  T. 
64-9.  This  is  the  only  place  known  where  the  relations  be- 
tween the  granite  and  the  porphyry  could  be  determined  with 
certainty.  The  general  strike  of  Keewatin  sedimentaries  is 
parallel  to  the  periphery  of  the  porphyry  mass.  Os  the  west 
shore  of  Snowbank  lake  this  strike  is  somewhat  modified  by 
the  granite  intrusion. 

In  going  from  the  bay  in  Snowbank  lake  in  the  N.  W.  1  of 
S.  E.  i  sec.  24.  T.  64-9,  north  20°  west  to  Newfound  lake,  the 
following  outcrops  of  rocks  were  seen  in  the  order  given: 

1.  Mica  schist  and  conglomerate  in  inseparable  beds;  the 
former  becoming  less  schistose  and  micaceous  as  the  distance 
from  the  granite  area  increases. 

2.  Argiilyte, 
8.     Mica  schist. 

4.  Coarse  diabase. 

5.  AfTglomeratic  greenstone. 

6.  Conglomerate. 

7.  Argiilyte. 

8.  Diabase  similar  to  number  4. 

9.  Conglomerate  and  argiilyte. 

10.  Sericite  schist  at  three-fourihs  of  a  mile  from  Snow- 
bank lake.    This  schist  continues  to  Newfound  lake. 

The  strike  of  the  rocks  mentioned  above  is  nearly  east  and 
west,  and  toward  the  east  this  remains  the  same.  One-half  a 
mile  west  of  the  line  of  the  cross  section  the  strike  of  the  rock, 
is  somewhat  changed  to  a  southwest  and  northeast  direction, 
Farther  west,  near  the  north  end  of  Moose  lake,  the  strike,  as 
previously  mentioned,  is  nearly  north  and  south. 

In  the  region  north  of  the  central  part  of  Snowbank  lake  no 
outcrops  of  the  porphyry,  which  is  so  abundant  west  of  here, 
were  found.  On  the  west  shore  of  Boot  lake,  in  the  S.  W.  i  of 
N.  W.  i  sec.  21.  T.  64-8,  are  several  large  dikes  of  this  rock 
cutting  the  graywacke  and  schist  in  this  vicinity. 

In  the  S.  W.  i  of  N.  E.  i  sec.  21,  T.  64-8,  on  the  east  side  of 
the  long  point,  in  the  midst  of  a  bed  of  conglomerate,  is  a  boss 
of  granite  partially  uncovered.  Dikes  run  out  from  this  mass 
in  all  directions,  cutting  the  conglomerate  and  distorting  the 
strata  in  a  very  complicated  manner.  In  the  conglomerate  are 
boulders  up  to  four  feet  in  diameter  of  gneiss,  slate,  diabase 
and  granite.  This  last  can  scarcely  be  distinguished  from  the 
granite  which  cuts  the  conglomerate  of  the  region.    In  several 
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Instances  a  granite  dike  traced  several  hundred  feet  was 
found  to  cut  some  of  the  large  boulders  in  the  conglomerate. 
The  contact  between  the  dike  and  the  granite  boulders  could 
not  be  determined  easily.  Parts  of  the  ,  boulders  adhered  to 
each  side  of  the  dike. 

The  granitta. 

The  granites  of  Snowbank  lake  present  an  interesting  prob- 
lem, as  there  is  some  evidence  to  show  that  two  distinct 
granites  exist  here, — an  augite  and  a  hornblende  granite.  The 
field  evidence  at  hand  is  not  sufficient  to  warrant  an  assign- 
ment of  any  definite  relations  to  these  granites.  The  northern 
shore  of  the  lake  is  made  up  of  schists  and  arglllytes  with  sev- 
eral small  areas  of  granite  occurring  as  dikes  cutting  the  other 
rocks  and  on  the  extremities  of  some  of  the  points  projecting 
into  the  lake.v 

On  the  west  side  of  the  narrow  bay  in  the  W.  i  of  sec.  20,  T. 
61-8,  is  a  large  outcrop  of  a  light  gray  granite  (271E).  The 
rock  is  medium  grained  and  the  ferro-magnesian  minerals  con- 
stitute about  one-half  of  the  rock  mass.  Under  the  microscope 
this  rock  is  shown  to  be  an  augite  granite.  Orthoclase,  mlcro- 
cline  and  oligoclase  occur  in  equal  proportions.  All  of  the 
feldspars  have  a  well  defined  clear  zone  around  a  kaolinized 
center  and  are  in  some  cases  prophyritically  developed.  Quartz 
is  not  very  abundant  and  occurs  in  small  grains.  The  augite 
aud  hornblende  are  closely  associated.  The  augite  is  of  a  light 
green  color,  has  no  pleochroism  and  extinguishes  from  45°  to 
50°.  It  forms  the  cores  of  the  hornblende  which  has  a  darker 
color,  is  pleochroic  in  brown  and  dark  green  and  extinguishes 
at  less  than  22°.  The  cleavage  of  the  hornblende  is  a  continu- 
ation of  that  in  the  augite  core.  The  line  of  division  between 
the  two  minerals  is  distinct  and  the  extinction  angle  of  both 
minerals  is  readily  measured  along  the  same  cleavage.  Otje 
pyroxene  plate  is  unaltered,  and  its  extinction  and  striations 
bring  it  near  to  diallage.  Hornblende  occurs  in  several  places 
in  bent  bundles  of  slender  rods.  Sphene  occurs  in  double 
wedges  and  rounded  grains.  Magnetite  and  biotite  are  second- 
ary and  are  not  abundant. 

Near  the  section  line  between  sections  19  and  20  this  rock 
(271E)  is  cut  by  a  granite  porphyry  (270E).  The  speci- 
men shows  the  porphyritic  condition  of  the  rock,  which, 
as  a  whole,  has  a  more  even  texture.  In  thin  sections 
are   found  regular  phenocrysts  of  orthoclase  and  oligoclase 
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embedded  in  a  microcrystalliiie  groundmass  of  quartz,  feldspar 
and  ferroma^esian  minerals.  This  rock  also  cuts  and  has 
f^eatly  modified  the  schists  and  argillyte.  As  these  horn- 
blende and  mica  schists  grade  into  the  argillaceous  slates  and 
graywaclie  and  have  their  most  perfect  developement  at  the  con- 
tact with  the  granite,  their  highly  crystalline  coodltion  is  doe 
to  the  action  of  the  granite  upon  the  other  rocks. 

On  the  east  aide  of  the  bay  mentioned  above  hornblende 
granite  cuts  the  older  rocks  (273E).  It  has  a  medium  texture 
and  under  the  microscope  shows  the  feldspars,'  quartz,  bom- 
blende,  biotite  and  a  yellow  decomposition  product,  which 
stains  the  feldspars  and  is  most  likely  limonite. 

Since  the  discovery  of  augite  in  the  granite  from  Snowbank 
lake  the  writer  has,  so  far  as  time  would  permit,  examined 
specimens  collected  by  the  survey.  The  following  spe(»mens 
are  from  this  locality. 

Specimen  521G»,  from  the  S.  E.  i  of  N.  E.  i  sec.  24,  T.  6i-9, 
is  a  fine  dark  hornblende  granite.  Under  the  microscope  this 
shows  the  feldspars,  hornblende,  sphene  and  magnetite.  The 
hornblende  has  altered  to  chlorite  and  shows  no  traces  of 
augite. 

622G,  from  the  island  in  the  N.  E  i  of  S.  W.  i  sec.  19,  T.  64-8. 
is  an  augite  granite.  The  mineral  constituents  are  the  same 
as  in  271E.  Augite  and  hornblende  are  present  in  separate 
plates.  There  is  no  direct  alteration  of  the  former  into  the 
latter,  but  the  hornblende  possesses  the  fibrous  cleava^  of 
uralite  and  Is  a  paramorph  ^ter  the  augite.  Biotite  is  second- 
ary from  the  hornblende.  In  this  section  we  have  a  change  of 
augite  to  hornblende,  which  in  turn  is  altering  to  biotite  and 
chlorite. 

523G.  from  the  N.  W.  i  of  S.  W.  i  sec.  29,  T.  64-8,  U  & 
medium  grained  hornblende  granite  of  a  light  gray  color.  £i- 
amined  in  thin  section,  this  ruck  shows  the  usual  composition 
of  the  hornblende  granite  in  this  locality.  The  feldspars  are 
considerably  altered,  quartz  occurs  only  in  small  grains,  and 
the  hornblende  is  highly  pleochroic  in  green  and  brown. 
Sphene  is  the  oldest  mineral.  Magnetite  is  largely  secondary. 
Limonite,  an  alteration  product,  stains  the  rock  yellow.  Com- 
bined with  the  kaolin  of  the  feldspar  this  produces  a  yellow 
powder  which  is  easily  removed  from  the  rock  and  leaves  cav- 
ities. In  the  hand  specimen  this  peculiar  yellow  stain  is  veiy 
noticeable. 

•U.  S.  a»Dt,  SOth  AdddbI  Reirart,  pp.  BC-tT. 
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524Cr,  from  the  east  shore  of  the  large  islaod  (Boot  island)  on 
the  range  line  between  T.  64-8  and  64-9,  is  a  coarse  augite 
granite.  Id  general  the  rock  Is  the  same  as  271E!,  differing 
only  in  the  character  of  the  augite,  which  in  this  section  is 
fresh,  shows  no  signs  of  alteration,  is  not  pleochroic,  extin- 
guishes at  45°  and  has  a  deep  green  color. 

1722  N.  H.  W..  from  the  island  in  S.  W.  i  of  S.  W.  i  sec.  30. 
T.  64-8,  is  a  very  fine  grained  granite  with  orthoclase,  micro- 
cline  and  quartz  phenocrysts  in  a  microcrystalline  base  of 
quartz  and  feldspar.  Hornblende  occurs  in  small  scattering 
plates  and  is  greatly  altered.  Spbeoe,  magnetite  and  limonite 
complete  the  mineral  constitaents. 

From  the  above  descriptions  it  is  evident  that  this  augite 
granite  occurs  at  a  number  of  places  around  Snowbank  lake, 
and  an  examination  of  specimens  from  different  outcrops  In  this 
locality  will  probably  show  a  wider  distribution  of  this  rock. 

Without  going  into  the  details  of  the  field  observations  re- 
corded in  the  15th,  17th  and  20th  annual  reports,  it  wUl  be 
sufficient  to  say  that  all  geologist  have  described  two  granites 
hitherto  designated  in  the  field  ^  red  and  gray  syenites.  The 
former  and  of  these  is  a  hornblende  granite  and  the  latter  an 
augite  granite.  The  exact  relations  of  these  granites  to  each 
other  and  of  the  gray  granite  to  the  sedimentaries  of  this  re- 
gion are  still  doubtful.  The  gray  granite  has  not  been  found 
in  contact  with  the  schists,  argillytes  and  conglomerates  of 
the  region,  and  it  is  cut  by  the  red  granite  which  also  cuts 
the  schists.  The  most  reasonable  explanation  which  can  at 
present  be  assigned  to  -the  occurence  of  these  granites  in  the 
same  area,  is  that  they  are  parts  of  the  same  magma  and  that 
the  iiornblendic  variety  was  erupted  at  a  later  dated  and  per- 
haps at  a  time  of  greater  violence  than  that  of  the  eruption 
of  the  augite  granite,  which  formed  the  outer  portion  of  the 
magma!  As  there  is  sufficient  reason  to  place  all  of  the  erup- 
tive pre- Animikle  granites  of  Minnesota  into  one  period,  in  com- 
paring this  area  with  the  other  granite  areas  the  following 
facts  must  be  considered:  on  Kekequabic  lake  the  augite  gran- 
ite cuts  the  Eeewatin  sedimentaries;*  in  the  White  Iron  lake 
area  the  dark  hornblende  granite,  which  corresponds  to  the 
augite  granite,  has  the  same  relations  to  the  Keewatin,  as  that 
in  the  preceding  instance;  in  all  localities  where  the  light  col- 
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ored  granite  is  found,  it  is  the  later  granite  and  has  caused  a 
greater  disturbance  than  the  augite  granite;  and  wherever 
granite  pebbles  and  boulders  are  found  in  the  Keewatin  con- 
glomerate, they  are  almost  wholly  made  up  of  light  colored 
granite  similar  to  that  which  cuts  these  older  rocks.  The  last 
case  is  well  illustrated  by  the  granite  on  Boot  lake,  described 
on  a  preceding  page. 

Augite  granite  has  been  found  only  in  two  localities  in  north- 
eastern Minnesota,  viz.,  Snowbank  and  Eekequabic  lake  areas. 
In  the  granite  specimens  collected  and  described  by  Dr.  Alei. 
~Winchell  as  augite  granite  from  White  Iron  and  Saganoga 
lakes,  a  microscopical  esamination  fails  to  show  augite.  The 
mineral  taken  as  such  is  only  hornblende,  which  occurs  in  dark 
masses  varying  in  size  from  the  lenticular  patches  a  few  inches 
in  diameter  to  the  irregular  areas  a  fourth  of  a  mile  in  length. 
A  microscopical  examination  of  a  number  of  thin  sections  sec- 
tions from  these  peculiar  areas  shows  that  the  rock  is  com- 
posed of  hornblende,  occasionally  some  feldspar  and  rarely 
quartz.  Biotite  is  due  to  the  alteration  of  the  hornblende. 
The  sagenite  structure  of  rutile  is  well  shown  in  several  slides. 

In  central  Minnesota*  the  occurrence  of  the  dark  inclusions 
In  the  granite  is  the  same  as  that  of  those  just  mentioned  m 
the  northeastern  part  of  the  state.  The  mineral  composilioi]. 
however,  is  somewhat  different.  In  thin  section  these  are 
found  to  consist  of  fresh  augite  or  hornblende,  with  all  degrees 
of  alteration  of  the  former  to  the  latter,  showing  conclnsively 
the  secondary  origin  of  the  hornblende.  Other  evidence  also 
shows  that  most  of  the  hornblende  granite  of  the  same  locality 
was  originally  an  augite  granite. 

From  the  foregoing  notes  it  is  seen  that  the  granite  forma- 
tion of  Minnesota,  which  finds  its  greatest  extent  in  the  moun- 
tain masses  of  the  Giant's  range,  although  in  the  larger  part 
of  its  area  a  hornblende  granite,  yet  in  other  parts  there  are 
unmistakable  proofs  that  it  was  originally  an  augite  gifanite. 

The  present  altered  mineralogical  composition  of  the  granite 
is  accounted  for  by  the  explanation  suggested  by  Prof.  N.  H. 
Winchell  to  explain  the  great  strength  of  Minnesota  granites:' 
"We  may  perhaps  account  for  the  greater  strength  of  Minne- 
sota crystalline  rocks  by  supposing  them  less  changed  super- 
ficially by  the  process  of  decay,  the  lateness  of  the  glaciation 

'For  iDCormatlOD  coDceralug  Ibis  locality  (he  writer  ■•  lodebted  to  Prof.  O.  W.  Hall. 
tN.  H.  Wlnobell.     "The  cnmp>rulv«  sttcDRth  of  MlDDesolK  «iid   New  EngliDd 
granites."    mh  Aon.  Report,  pp.  K-IS. 
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to  which  thoy  have  been  subjected  having  left  them  compara- 
tively fresh  through  the  recent  removal  of  a  considerable 
thickness."  Every  one  familiar  with  the  occurrence  oF  this 
granite  formation  will  recognize  the  fact,  that  in  the  localities 
where  augite  has  been  found  as  one  of  the  original  constitu- 
ents, the  glacial  action  has  been  more  pronounced  and  has 
removed  a  great  thickness  of  the  surface  rock,  up  to  that  time 
undisturbed,  leaving  a  much  fresher  rock  than  elsewhere,  and 
in  which  one  would  naturally  expect  to  find  a  facies  of  the 
formation  nearer  to  its  original  condition. 

In  connection  with  the  preceding  it  may  be  of  interest  to 
note  that  the  hoi-nblende  and  mica  schists  of  Snowbank  and 
White  Iron  lakes  grade  into  argillaceous  slates  and  conglom- 
erates. The  schistose  character  is  most  fully  developed  at  the 
contact  with  the  granite.  All  evidence  tends  to  show  that  the 
schists  are  due  to  the  intrusion  of  the  granite  and  Suggests 
that  the  narrow  belts  of  schist  generally  found  between  the 
granite  and  the  Keewatin  rocks  and  which  have  hitherto  been 
designated  as  a  separate  formation  (Coutchiching  or  Vermilion) 
are  only  altered  portions  of  the  Keewatin  which  have  been 
subjected  to  the  heat  and  action  of  the  intrusive  granite. 


III.       ACTINOLITE    MAONETITG    SCHISTS    PROM    THE    EASTERN 
MESABI    RANGE.* 

The  writer  while  studying  the  peculiar  rock  occurring  along 
the  central  part  of  the  northern  periphery  of  the  great  gabbro 
belt,  designated  as  the  Pewabic  quartzyte,  found  in  the  vicin- 
ity of  Birch  lake  an  extensive  area  of  actinolite  magnetite 
schists  associated  with  the  Auimikie.  The  derivation  of  these 
schists  from  a  rock  containing  a  carbonate  of  iron  and  their 
lithological  similarity  to  those  found  in  the  Penokee  series 
tend  to  establish  an  important  analogical  link  between  the  two 
series  of  which  they  are  a  part. 

Since  this  investigation  was  carried  on,  actinolite  schists 
from  this  locality  have  been  described  by  Dr.  W.  S.  Bayley.f 
These  descriptions  and  the  additional  evidence  obtained  during 
the  summer  of  1893  confirm  the  views  previously  expressed  by 
the  writer. 

■Extract  of  a  tbeali  accepted  tor  the  decree  of  Master  at  Scleaca  Id  the  Ualreralty  o( 
Minnesota.    Bead  before  tbe  Mlaoesota  Auademr  of  Natural  Soleaces.  Hay  1, 1893. 

tAmer.  Jour.  Scl.,  [II.  Vol.  xlvl,  pp.  irB-180.  Sept..  18113.  The  writer  wlahei  to  ac- 
knowledge the  klri<lDe«  ot  Dr.  Bayley  tor  tbe  opportaolty  sivea  to  examine  tbe 

slides  used  In  bla  deHCrlptloDt. 
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The  Bccompaoying  map  (Plate  VI,  Fig.  I,)  of  the  west  end 
of  Birch  lake  gives  a  comprehensive  view  of  the  geological 
structure  of  this  region.  The  contour  lines  were  takea  Itom 
the  topographical  notes  of  Mr.  A.  D.  Meeds. 

Numerous  specimens  have  been  collected  hy  the  state  survey 
from  this  locality.*  Nearly  all  these  have  been  examined  in 
thin  section.  In  the  following  pages  the  descriptions  of  the 
occurrences  of  the  field  outcrops  are  taken  from  the  annual 
reports  of  the  survey,  where  more  detailed  accounts  may  be 
found.  Beginning  with  the  western  extent  of  this  area,  where 
the  Animikie  approaches  nearest  to  its  normal  condition  found 
on  the  western  Mesabi,  the  formation  is  traced  through  con- 
tinuous outcrops  to  the  north  shore  of  Birch  lake,  where  it 
disappears  under  the  gabbro,  and  where  the  crystalline  char- 
acters have  the  highest  development  In  studying  the  variety 
and  the  estremes  of  the  lithological  characters,  and  by  noting 
the  gradual  <:bange  of  one  extreme  into  the  other,  we  have  ud- 
disputable  evidence  of  the  origin  of  the  crystalline  portions 
of  the  formation.  The  object  of  the  following  paper  is  to  shov 
the  derivation  of  the  actinolite  schists  and  their  rela- 
tions to  their  geological  associates  in  the  vicinity  of  Birch  lake. 
The  fact  that  the  so-called  "Prwabic  qaartzyt«,"  between 
Birch  lake  and  Gunflint,  is  a  part  of  the  iron  bearing  portion 
of  the  Animikie  will  also  be  shown. 

Specimens  coUeded  by  Prof.  If.  H.  WinduU. 

The  following  specimens,  collected  by  Prof.  WinchelLf  were 
examined  in  thin  sections  by  the  writer.  Several  diamond 
drill  sections  have  been  made  under  the  management  of  Capt 
Wicks.  Of  these  the  one  {No.  5)  on  the  N.  .W.  i  S.  W.  i  sec.  27, 
T.  60-13,  gives  the  most  complete  rock  section  as  well  as  that 
of  the  greatest  thickness.  In  ascending  order  the  rock  fonnd 
here  is  as  follows: 

1636.     Granite,  3  feet. 

1685.     Bottom  of  quartzyte,  1  foot. 

1634.  10  feet  A  hard  siliceous  greenish  rock,  which  con-  ' 
tains  many  fragmental  grains  of  quartz.  In  thin  section  the 
quartz  grains  appear  angular  and  show  no  signs  of  enlarge- 
ment. They  are  derived  from  the  granite,  some  contain  numer 
ous  rutile  needles  and  are  full  of  inclusions.  The  matrix  is  com- 
posed of  microcrystalline  quartz  and  aphanitic  green  material 
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which  has  a  tendency  to  form  actinolite  needles.  These  needles 
occur  in  bundles  and  in  some  coses  penetrate  the  quartz  grxans. 
The  transition  upward  to  the  next  is  gradual. 

1638.  15  feet.  Round  fragmental  quartz  grains  cemented 
in  a  matrix  of  quartz.  In  thin  section  this  shows  rounded  frag- 
mental grains  of  quartz  embedded  in  a  microcrystalline  matrix 
of  quartz  and  some  green  material.  Some  of  the  quartz  grains 
show  a  slight  enlargement,  being  bordered  by  a  ragged  rim  of 
fine  grained  qua>rtz  with  similar  orientation. 

1632.  17  feet.  Fine  grained  pinkish-cream  colored  quartz- 
yte.  '  The  hand  specimen  is  composed  of  microcrystalline  silica 
similar  to  the  matrix  of  the  preceding  section. 

1631.  24  feet.  Siliceous,  fine  magnetite.  On  account  of  the 
high  percentage  of  red  hematite  and  magnetite  this  rock  in 
thin  section  is  nearly  opsque.  A  few  small  grains  of  quartz 
were  seen, 

1630.  20  feet.  Gray  quartzyte,  nearly  all  silica  with  round 
concretions.  This  is  a  magnetitic  concretionary  chert.  Rough- 
ly oval  and  rhombic  outlined  areas  of  magnetite  and  hematite 
occur  in  a  cherty  background.  The  magnetite  occurs  in  small 
cubes  and  the  hematite  is  distinguishable  only  in  reflected  light 
by  ite  red  color.  These  two  minerals  occur  in  alternating 
bands  in  the  same  concretions.  The  iron  oxides  are  often 
concentrated  upon  the  exterior  of  the  areas,  and  in  some  cases 
they  have  grown  beyond  the  outer  borders  and  extend  into  the 
cherty  background.* 

Another  section  from  the  same  specimen  show^  a  concre- 
tionary actinolitic  chert.  The  concretionary  structure  is  not 
so  marl^ed  as  in  the  preceding  section.  A  considerable  amount 
of  a  greenish  mineral  matter  is  present.  Under  a  high  power 
this  shows  the  development  of  fine  actinolite  needles  and  plates. 

1629.  70  feet.  "Black  slate"  heavily  charged  with  mag- 
netite. Magnetite  occurs  in  well  develdt>ed  crystals  and  com- 
poses nearly  the  whole  section.  Well  developed  plates  of 
actinolite  lie  between  the  grains  of  magnetite. 

1628.  157  feet.  Black  and  gray,  fine  banded  rock,  with  fine 
grained  magnetite,  the  latter  being  distributed  through  the 
whole,  and  sometimes  concentrated  along  planes  of  weakness 
in  beds  six  to  ten  inches  in  thickness.  The  banding  is  wavy. 
A  thin  section  of  the  drill  core  cuts  the  light  and  dark  bands  of 
the  rock.    The  "light  colored  bands  are  composed  largely  of 
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greenish  aphauitic  material  showing  numerous  minute  crystals 
of  actinolite.  Other  portions  of  these  bands  have  large  plates 
of  actinolite.  The  magnetite  is  concentrated  along  certain 
lines  and  extends  into  the  actinolite  bands.  In  places  it  ap- 
pears in  a  roughly  concretionary  form.  The  actinolite  in  this 
section  has  been  developed  to  a  greater  extent  than  that  in  the 
rock  lower  down  in  the  series. 

The  above  drill  section  represents  a  total  tbickoess  of  three 
hundred  and  twenty-one  feet.  A  number  of  other  drills  have 
been  made  in  the  same  region.  The  succession  of  the  different 
rocks  is  the  same  as  that  described  above.  The  different  strata 
vary  in  thickness  as  the  extreme  northern  edge  of  the  fonna- 
tion  is  approached.  The  only  rock  of  uncertain  thickness  is 
number  1632,  the  fine  grained  pink  quartzyt«,  which  is  absent  in 
some  places.  The  whole  of  the  quartzyte  is  wanting  a  short 
distance  east  of  this  locality.  A  drill  hole  sunk  in  section  13. 
T.  60-13,  passed  through  one  hundred  and  ninety  feet  of  hard 
"jaspery  taconyte"  banded  with  ore  and  resting  upon  the 
granite.  The  bands  of  ore  were  five  or  six  inches  thick,  and 
tiie  iron  ore  was  hard,  black  and  nearly  always  magnetic. 

Specimenii  collected  by  H.  V.  Windull. 

In  describing  these  specimens,  they  will  be  taken  up  in  the 
order  of  their  occurrence  from  the  west  toward  Birch  lake. 
Detailed  notes  of  their  occurrence  may  be  found  in  the  17th 
annual  report,  and  page  references  refer  to  this  report  and 
the  numbers  refer  to  the  specimens. 

373.  (P!  86. )  8.  W.  i  of  S.  W.  J  sec.  32,  T.  60-13.  This  is 
a  black  slate,  and  is  composed  of  a  clouded  aphaniti(f  mass  of 
brownish  material,  which  shows  some  clear  pieces  of  actinolite. 
Magnetite  is  not  very  abundant. 

369.  (P.  85.)  Iron  lake,  N.  E.  i  see.  23,  T.  60-13.  A  black 
magnetic  rock  lying  nearly  horizontal.  The  magnetite  and  sid- 
erite  occur  in  well  defined  crystals.  Part  of  the  latter  in  thin 
plates  is  translucent.  The  green  aphanitic  mass  of  the  rock 
has  developed  into  plates  of  actinolite. 

365.  (P.  84.)  N.  W.  i  sec.  24,  T.  60-13.  In  a  perpendicu- 
lar wall  eight  feet  high  and  several  rods  long  of  a  heavy  black 
rock.  This  is  a  concretionary  actinolite  slate,  composed  of 
aphanitic  green  material  considerable  developed  to  actinolite. 
Actinolite  forms  small  oblong  concretions,  in  which  the  fibers 
have  a  radial  structure  similar  to  that  of  the  mineral  in  the 
zeolites.     Needles  and  prisims  of  the  amphibole  penetrate  and 
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cross  these  concretions.  Mag^nitite  is  confined  to  the  concre- 
tions. 

864.     (P.  83. )    Is  a  conglomerate  boalder. 

363.  (P.  83.)  "A  smoothed,  black  exposure  of  ferruginous 
quartzyte  several  acres  In  extent  appears  on  the  surface  of  the 
ground  in  the  N.  W.  J  of  N.  E.  J  see.  19.  60-12."  The  rock 
and  magnetite  both  weather  shiny  black.  The  specimen  is 
largely  composed  of  magnetite  -which  occurs  in  concentrated 
parallel  bands.  Actinolite  forms  the  light  colored  bands  of 
the  rock.  It  is  present  in  small  fresh  prismatic  plates  2  mm. 
in  diameter. 

362.  (P.  82.)  Near  the  last  locality.  Banded  magnetite. 
ThiB  consists  of  several  alternating  light  and  dark  bands.  The 
latter  are  due  to  the  concentration  of  magnetite  which  gradu- 
ally decreases  in  quantity  as  the  borders  of  the  light  bands  are 
reached,  and  in  the  interior  of  these  bands  it  occurs  only  in 
isolated  grains.  The  light  bands  are  compo^d  of  almost  col- 
orless gnuns  of  amphibole,  the  characters  of  which  cannot  be 
determined.  This  section  represents  an  intermediate  stage  of 
developement  between  the  slates  composed  of  aphanltic  and 
unindividualized  green  material  and  the  actinolite  magnetite 
schists  represented  by  Dr.  Bayley's  specimen  No.  8783. 

361  and  360.  (P.  82. )  In  the  N.  B.  corner  of  sec.  19,  T.  60- 
12,  is  a  shaft  about  ten  feet  deep  in  a  greenish  magnetitic  eiatfi. 
Number  361  is  a  slate  composed  of  unindividualized  matter. 
Number  360  is  a  concretionary  amphibole  schist.  The  amphi- 
bole occurs  in  plates  and  irregular  grains,  having  extinction 
angle  of  14°  to  25°.  Actinolite  and  common  hornblende  are 
both  present.  Augite  occurs  in  irregular  plates,  intergrown 
with  the  amphibole.  The  concretions  of  the  ferro-magnesian 
minerals  and  magnetite  lie  against  a  background  of  medium 
grained  quartz. 

359.  (P.  82.)  In  the  S.  W.  i  of  S.  W.  i  sec.  17,  T.  60-12.  is 
a  magnetic  quartzyte  in  strata  dipping  S.  S.  E.  10°  to  12°. 
Under  the  microscope  this  rock  shows  the  same  character- 
istics as  those  of  the  preceding  specimen.  The  green  sub- 
stance has  not  been  fully  developed  to  amphibole. 

358.  (P.  82.)  "At  one-fourth  of  a  mile  south  of  the  S.  E. 
comer  of  sec.  7,  T.  60-12.  are  numerous  angular  fragments  of 
olivinitic  magnetite  projecting  through  the  moss."  This  rock 
is  largely  composed  of  microcryslalline  quartz.  The  other 
constituents  are  magnetite,  hematite  and  a  green  substance. 
This  substance  has  partially  changed  to  actinolite,  forming 
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bundles  of  innumerable  fine  needles,  some  of  which'  penetrate 
the  quartz.  Several  rough  rhombohedral  pieces  of  a  brownish 
mineral,  probably  siderite,  are  present  An  indistinct  concre- 
tionary structure  is  also  noticeable. 

356.  (P.  93. )  Iron  ore,  four  hundred  paces  east  of  the  west 
quarter  post  of  sec.  10,  T.  60-10. 

396.  (P.  93.)  A  short  distance  south  of  Birch  lake  in  the 
N.  E.  J  of  sec.  26,  T.  61-12,  is  a  knoll  of  fine  grained  crystal 
line  rock.  This  is  a  flue  grained  gabbro.  "The  gabbro  ap- 
pears in  small,  detached  knobs,  lying  on  the  Animikie  iron  ore 
beds.  These  beds  are  somewhat  disturbed  and  broken  and 
vary  in  dip  from  12°  to  30°  to  the  southeast.  Near  these 
knolls  of  gabbro  the  iron  ore  rock  is  semi-crystalline,  contain- 
ing porphyritic  crystals  of  hornblende  sometimes  two  and  cue 
half  inches  long,  397.  There  are  large  outcrops  of  this  Anim- 
ikie rock  here.  Sometimes  the  stratification  is  not  very 
evident,  but  generally  it  is  distinct  and  well  marked,  896." 

897.  In  thin  section  this  consists  of  large  plates  of  actino- 
lite,  pleochroic  in  light  and  pale  green  and  extinguishing 
nearly  parallel.  Cross  sections  of  the  crystals  show  the  char 
acteristic  amphibole  cleavage.  Numerous  small  grains  of 
quartz  are  enclosed  by  the  actinolite,  which  in  several  cases 
forms  around  a  number  of  the  quartz  grains  a  rim  of  inward 
penetrating  needles.  A  few  small  pieces  of  plagloclase  also 
occur.     Magnetite  occurs  in  small  crystals  in  the  actinolite. 

398.  The  mineral  composition  of  this  is  the  same  as  thepre- 
ceding,  having  in  addition  augite  and  olivine.  It  is  of  medium 
texture.     Quartz  occupies  about  one  half  of  the  section. 

399.  ' '  Some  of  the  Animikie  is  almost  all  quartz  which  forms 
a  coarse  granular  sandstone  on  decomposing.  E.  i  of  N.  W.  i 
sec.  35,  T.  61-12."  This  is  composed  of  interlocking  quartz 
grains  including  magnetite  and  actinolite.  The  quartz  inter- 
locks by  irregular  sutures.  The  magnetite,  which  is  the  old- 
est mineral,  is  often  in  well  marked  octahedrons  enclosed  in 
the  quartz,  but  more  frequently  it  is  in  rounded  grains,  either 
surrounded  by  a  quartz  individual  or  situated  between  several 
of  them.  Tte  actinolite  holds  the  same  relation  to  the  quartz 
as  does  the  magnetite.  Both  of  these  are  somewhat  altered  w 
limonite  and  chlorite.  In  its  present  condition  nothing  re- 
mains to  show  a  clastic  origin.  This  character  of  the  rock  is 
common  in  the  iron  bearing  member  of  the  Animikie  Ijoth  on 
the  Mesabi  and  on  the  Penokee  ranges.  It  is  largely  on  ac- 
count of  the  abundance  of  this  quartz  in  the  so-called  "Pewa- 
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bic  quartzyte"  between  Birch  aad  Akeley  lakes  that  this  part 
of  the  iron  t>earing  member  has  been  perhaps  wronf^fuUy  re- 
ferred to  the  basal  quartzyte  of  the  Animikie. 

401.  (P.  94).  "In  the  S.  E.  i  N.  E.  i  sec.  35,  T.  61-12,  are 
several  ridges  of  magnetic  quartzyte  having  vertical  faces  15 
feet  high  on  the  west.  A  few  feet  west  of  one  of  these  walls 
of  rock  there  is  a  knoll  of  syenite.  The  quartzyte  is  in  beds 
which  are  nearly  horizontal  and  seem  to  have  about  the  same 
texture  and  composition  where  it  lies  on  top  of  the  syenite  as 
they  have  ten  feet  higher  up,  401."  This  is  strikingly  similar 
to  the  preceding  rock  specimen.  It  is  composed  of  large 
irregular  interlocking  quartz  grains,  hematite  and  magnetite, 
which  shows  the  original  concretionary  form  so  common  in  the 
Animikie  slate.  A  peculiarity  in  which  it  differs  slightly  from 
tnese  other  slates  is.  instead  of  a  background  of  microcrystal- 
line  quartz,  each  of  the  concretions  occurs  in  a  separate  grain 
of  quartz.  In  some  of  the  concretions  the  hematite  and  mag- 
netite have  a  banded  structure  similar  to  that  seen  in  jasper. 
A  bronn  decomposition  product,  probably  limouite,  results 
from  the  decay  of  the  iron  oxides.  The  magnetite  which  does 
not  occur  as  round  concretions  is  arranged  in  bands  through 
the  rock. 

402.  {P.  95).  -In  the  N.  E.  i  of  S.  W.  i  sec.  85,  T.  61-12, 
the  magnetitic  quartzyte  seems  to  have  been  afFected  by  some 
metamorphosing  agent  which  has  produced  large  crystals  of 
hornblende  in  it."  This  is  an  actinolite  magnetite  schist.  The 
actinolite  occurs  in  plates  and  needles,  which  extinguish  nearly 
pai'fJlet.  The  magnetite  is  irregularly  scattered  throughout 
ihe  whole  section.  Quartz  composes  about  one-third  of  the 
rock, 

404.  (P.  95).  "Toward  the  S.  W.  \  of  see.  35,  T.  61-12,*the 
land  rises  until  it  is  200  feet  above  Birch  lake.  On  this  high 
land  many  large,  smooth-topped  exposures  are  produced  by 
windfalls.  The  strata  seem  to  have  been  disturbed  and  slightly 
elevated  by  some  force  from  beneath.  The  usual  dip — less  than 
30°  to  the  southeast — is,  however,  still  maintained.  Some  of 
the  beds  of  this  Animikie  rock  are  but  slightly  iron  bearing  and 
are  almost  wholly  composed  of  olivine,  404."  A  section  of  this 
rock  is  composed  of  two-thirds  of  quartz  and  the  remainder  of 
actinolite,  olivine  and  magnetite.  The  quartz  occurs  in  inter- 
locking grains  as  described  above.  The  other  minerals  occur 
as  rounded  grains  within  quartz  grains  or  in  masses  between 
the  grains.     Innumerable  fine  tufts  of  actinolite  needles  pene- 
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trate  the  quartz  grains  in  all  directions.  Namerons  crystallites 
of  the  same  mioeral  crowd  the  quartz,  forming  by  their  combi- 
nation beautiful  figures.  A  yellow  decomposition  product  fills 
up  the  fractures  in  the  quartz. 

405.  (P.  95).  In  the  N.  J  of  the  S.  E.  J  sec.  24,  T.  61-12,  the 
general  occarrence  of  the  Animikie  is  the  same  as  that  south  of 
Birch  lake.  Tbin  strata  of  rich  magnetite  are  separated  from 
each  other  by  beds  of  poor  ore  or  quartzyte,  405.  .  Under  the 
microscope  this  rock  is  found  to  be  made  up  of  quartz,  actinolite 
and  magnetite.  The  quartz  occurs  in  rounded  grains  surrounded 
by  the  other  minerals,  and  in  irregular  interlocking  grains. 
The  actinolite  occurs  in  long  slender  plates  and  in  bundles  of 
needles.  "  There  is  a  heavy  covering  of  drift  sand  and  boulders 
here.  Granite  in  place  and  gabbro  lying  on  it  were  seen  a 
short  distance  farther  east  in  the  S.  E.  i  N.  W.  i  sec.  24,  T. 
61-12.  The  Animikie  beds  seen  in  the  vicinity  were  In  knolls 
that  rise  above  the  granite  and  gabbro  and  are  estimated  to  be 
150  feet  above  Birch  lake.  A  thickness  of  about  25  feet  of  llie 
iron-bearing  strata  was  seen  in  the  various  shafts." 

The  outcrops  just  noted  mark  the  eastermost  extension  of 
the  Mesabi  iron-bearing  strata,  which  in  the  field  have  been 
found  to  be  continuous  and  of  the  same  formation,  althoDgh 
varyiog  greatly  in  lithological  characters.  Farther  east  are 
other  isolated  outcrops  of  this  formation  which  will  be  men- 
tioned below. 

OOiei-  observationt- 

Other  observations  have  been  made  in  this  vicinity  by  Prof. 
Winchell*  and  the  writer. 

In  the  8.  E.  i  of  S.  E.  i  sec.  23,  T.  61-12,  a  number  of  shafts 
have  recently  been  made  by  the  Spellman  Mining  Co.,  under 
the'direction  of  Mr.  W.  L.  Honnold.  The  largest  shaft  was 
sunk  about  200  feet  east  of  the  granite.  This  passes  through 
black  slates,  gabbro,  iron  ore  and  actinolite  schist. 

The  following  notes  were  given  to  the  writer  by  Mr. 
Honnold:  "The  deepest  shaft  was  suuk  37  feet  deep, — 7  feet 
surface,  20  feet  magnetic  ore  and  10  feet  homblendic  quartxfte 
(foot  wall).  Between  the  ore  and  foot  wall  is  a  seam  three  or 
four  inches  thick  of  chloritic  material,  very  soft  and  probably 
resulting  from  the  decomposition  of  the  foot  wall.  The  foot 
wall  carries  considerable  ore  in  irregular  distribution,  and  the 
ore  passed  through  at  first  was  apparently  due  to  an  unusual 
concentration  of  this.    The  '  black  slates '  were  not  encoantered 
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in  the  shaft,  but  are  to  be  found  near  the  surface  about  300 
paces  east  of  this  shaft.  Whether  these  are  a  continuous  for- 
mation or  merely  a  local  variation  of  the  quartzyte  is  undeter- 
mined. " 

The  so  called  black  slates  of  this  locality  were  found  by  the 
writer  only  in  large  blocks  removed  from  their  original  posi- 
tion. They  are  the  same  as  the  black  slates  south  of  Birch 
lake,  but  as  they  are  not  found  in  situ  north  of  the  lake,  they 
may  be  dismissed  without  further  mention.  AU  of  the  speci- 
mens obtains  from  this  vicinity  were  examined  in  thin  sections 
with  the  following  results:  The  rock  called  the  hanging  wall 
in  the  largest,  shaft  is  a  biotite  gabbro  of  medium  texture  and 
considerably  altered.  This  occurs  as  detached  knobs  resting 
upon  the  iron-bearing  rock  beneath  it,  in  the  same  manner  as 
the  gabbro  south  of  the  lake.  .  The  magnetic  ore  is  composed 
of  a  high  [percentage  of  magnetite,  occuring  in  well  defined 
cubes  and  rounded  grains.  The  interstices  between  the  grains 
are  filled  with  plagioclase,  augite,  biotite  and  quartz,  all  of  . 
which  are  very  fresh.  The  rock  associated  with  the  ore  is 
composed  of  actinolite-  This  mineral  occurs  in  large  plates  ' 
and  bundles  of  numerous  beautifully  twined  crystals.  In  places 
biotite  and  chlorite  show  the  alteration  of  the  actinolite.  A 
few  grains  of  quartz  are  scattered  throughout  the  section.  The 
"  homblendic  quartzyte  "  is  a  fresh  actinolite  schist.  The  ae- 
tinolite  occurs  in  crystals  several  inches  in  length  and  encloses 
numerous  quartz  grains.  This  rock  is  the  same  in  character 
as  specimen  960  and  described  as  an  olivinitic  quartzyte.*  In 
thin  section  this  rock  is  an  actinolite  schist  similar  to  the  schist 
south  of  Birch  lake.  The  characters  of  the  minerals  in  this 
section  in  every  way  correspond  to  those  shown  in  Dr.  Bayley's 
specimen  No.  8783,  from  which  it  differs  only  in  coarseness  of 
texture.  In  this  locality  we  have,  thus,  the  actinolite  schist 
and  the  magnetic  ore  occurring  in  alternating  bands  of  great 
thickness.  The  original  character  of  the  rock  has  been  totally 
obliterated  and  in  its  present  condition  the  rock  is  wholly 
crystalline,  representing  one  extreme  of  the  variations  in  the 
liUiological  character  of  the  Animikie  schists. 

Specimens  collected  by  Hr.  A.  D.  Meeds  in  1893  are  nearly 
all  from  the  southern  limit  of  the  Animikie  rocks,  f 

Number  2,  is  a  fine  grained  gabbro,  from  the  N.  W.  i  of  N.  W. 
i  sec  2,  T.  60-12. 
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Namber  2a,  from  an  outcrop  a  short  distaoce  north  of  the  N. 
W.  corner  of  section  2,  is  the  same  as  specimen  404  described 
above. 

No.  5,  is  coarse  gabbro,  near  the  east  quarter  post  of  sec.  28, 
T.  61-12. 

No.  6,  from  the  N.  E.  i  of  S.  W.  i  sec.  10,  T.  60-12,  is  a  fine 
grained  gabbro. 

No.  7,  from  near  the  east  quarter  post  of  sec.  17,  T.  60-12,  is 
the  same  as  th^  actinolite  schists  described  above. 

No.  6,  one  fourth  of  a  mile  south  of  the  N.  E.  comer  of  sec. 
35,  T.  60-13,  is  a  Sue  grained  biotite  schist.  This  is  a  part  of 
the  Animikie  slate  and  is  composed  of  quartz  and  biotite. 

South  of  this  locality  the  coarse  gabbro  occurs  in  numerous 
knobs  and  ridges.  On  account  of  the  level  topograph;  in  this 
vicinity  the  contact  of  the  slate  and  gabbro  was  concealed  by 
swamps. 


,  In  the  preceding  notes  attention  is  called  to  the  varying  lilJi- 
ological  characters  of  the  formation  under  consideration.  This 
formation  has  been  traced  by  continuous  outcrops  from  the 
Mesabi  iron  bearing  rock  to  Birch  lake.  At  the  western  end 
the  sedimentary  character  is  undisputed.  Going  eastward  the 
Animikie  gradually  thins  out  until  it  is  lost  altogether  under 
the  gabbro.  The  iithological  characters  also  change,  the 
nearer  the  gabbro  is  approached  the  more  crystalline  is  tbe 
nature  of  the  rock,  until  on  both  sides  of  Birch  lake  it  is  wholly 
crystalline.  Near  tbe  contact  with  the  gabbro,  augite  and 
olivine  occur  intimately  associated  with  the  actinolite  and  mag-  • 
netite  of  the  Animikie  schists.  The  black  slates  have  been 
changed  to  a  quartz  biotite  schist  in  the  proximity  of  the 
gabbro. 

Tbe  Iithological  characters  of  the  actinolite  schists  may  be 
divided  into  two  divisions:  1st.  Those  which  are  constant 
throughout  the  whole  formation:  banded  structure,  due  to  the 
concentration  of  the  iron  oxides  along  lines  of  weakness,  leav- 
ing bands  of  lighter  material,  which  finally  makes  up  the  ferro- 
magnesian  minerals;  abundance  of  secondary  quartz;  coucre- 
tionary  structure  of  the  iron  oxides^  and  the  presence  of  actin- 
olite, although  often  in  very  small  amounts.  These  character- 
istics agree  very  closely  with  those  given  by  Irving  and  Van 
Hise*  for  the  corresponding  formations  in  the  Fenokee  series. 
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The  Becond  division  of  the  lithological  chanwiteTS  is  peculiar 

to  the  ^esabi  formation,  as  they  are  largely  due  to  the  effect 
of  the  gabbro  at  the  time  of  intrusion.  Sd.  Those  characters 
-which  vary:  mineratogical  compoBition  of.  the  ^temating 
bands.  In  the  western  part  of  the  area,  the  light  biinds  are 
composed  of  an  unindividualized  greenish  substance,  and  the 
dark  bands  are  composed  of  magnetite  and  hematite  in  about 
equal  proportions,  with  some  iron  carbonate.  Going  eastward 
the  rock  psBses  through  consecutive  gradations  until  the  light 
bands  are  made  up  of  actinolite  with  local  variations,  where 
augite  and  olivine  occur,  and  in  the  dark  bands  the  hematite 
and  siderite  disappear,  leaving  only  the  magnetite.  Plagioclase 
has  been  noted  in  several  instances.    Biotite  results  from  the 

alteration  of  the  actinolite. 

The  Pewabic  quartzyte  at  the  bottom  of  the  Animikie 
decreases  in  thickness  as  Birch  lake  is  approached  from  the 
west,  and  in  the  vicinity  of  Iron  Jake,  section  14,  T.  60-13,  it 
disappears  entirely.  From  this  locality  eastward  the  iron- 
bearing  rock  rests  upon  the  granite,  and  consequently  forms 
the  bottom  of  ^e  Animikie.  The  black  slates  also  disappear 
before  the  Dunka  river  is  reached.    They  were  removed  at  the 

time  of  the  gabbro  intrusion. 

The  outcrops  of  the  Animinie  below  and  inclosed  by  the 
gabbro,  between  Birch  lake  and  Akeley  lake,  have  the  same 
lithological  characters  and  composition  as  the  actinolite  schists 
at  Birch  lake.  These  scattered  outcrops  have  heretofore  been 
called  a  part  of  the  Pewabic  quartzyte,  but  for  reasons  given 

above  the  writer  considers  tbem  a  part  of  the  iron-bearing  strata 

of  the  Animikie*. 

IV.      THE  QABBRO. 

(Considerable  time  was  spent  in  making  a  close  study  of  the 
gabbro  belt,  through  its  entire  width  in  Lake  county.  It  is  in- 
tended, on  account  of  lack  of  time  at  present,  to  mention  only 
a  few  of  the  localities  where  interesting  observations  were 
made. 

In  townships  62-10  and  11,  and  61-10  and  11,  an  area  about 
two  townships  in  extent,  of  a  dark,  heavy  and  bedded  olivine 
gabbro  was  found.  Within  this  area  are  numerous  knobs  of 
feldspar  rock  as  clear,  fresh  and  coarse  as  the  anorthosyte 
masses  found  near  the  lake  Superior  coast    In  many  instances 

*aon,— W.  B-  Bayley.ln  tbe  Mlneteenth  Aun.  Bept.,  pp.  ISS-DIO,  In  deBCilblDgrockH 
from  the  Akeleylkke  reKlon,  iDClndeB  macb  of  tbe  wi-aallAd  Fewkblo  quartifM  In  the 
gftbbro  rormMlou. 
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the  feldspar  knobs  appear  like  water-worn  boulders  eoclosed 
in  the  overlying  olivine  gabbro.  On  Greenwood  lake  (T.  58-10) 
are  extensive  outcrops  of  fresh  hypersthene  gabbra  This  is 
cut  in  several  places  by  dikes  of  the  red  rock  which  forios 
Greenwood  mountain  sonth  of  the  lake.  A  point  of  importance 
in  studying  the  gabbro  is  that  the  gabbro  along  the  center  of 
the  formation  has  a  belt  in  which  are  numerous  knobs  &ad 
areas  a  mile  in  extent  composed  of  plagiocl&se  rock,  similar  to 
that  mentioned  above.  In  going  from  the  northern  and  soatb- 
em  limit  of  the  gabbro  toward  this  belt,  it  is  very  noticeable 
that  the  ferro-magnesian  minerals  decrease  and  the  feldspar 
increases  in  proportion.  The  rock  has  more  of  a  stratified  ap- 
pearance arising  from  the  arrangement  of  the  constituent  min- 
erals in  bands.  This  separation  of  the  minerals,  when  carried 
to  extremes,  produces  the  large  aggregations  of  feldspar.  The 
coarseness  in  texture  is  affected  in  the  same  manner.  In  the 
gabbro  we  have  every  evidence  that  it  was  a  batholitic  intrus- 
ion rather  than  a  surface  flow.  The  mineral  and  chemical  com- 
position of  the  various  parts  of  the  formation  conform  to  all 
the  Imown  rules  which  govern  the  cooling  of  liquid  magmas. 

V.      THE   BED  BOCK. 

Under  this  group  are  included  the  felsytes,  some  of  the  dia- 
bases, and  the  augite  syenite,  which  are  closely  associated  and 
form  a  prominent  group.  The  following  are  descriptions  of  all 
the  outcrops  examined  by  the  writer,  within  the  boundary  of 
this  group,  as  indicated  on  the  map  (Plate  V,  p.  150).  In  theK. 
B.  i  of  the  S.  W.i  sec  8,  T.  57-7,  is  the  most  northern  ontcrop 
of  the  dark  diabases  of  the  lake  Superior  coast.  One  h&lF  of 
a  mile  northwest  of  this,  on  the  slope  of  a  high  ridge,  are 
numerous  angular  fragments  of  augite  syenite.  At  the  top  of 
the  slope,  rising  four  hundred  feet  in  three  fourths  of  a  mile,  is 
a  perpendicular  wall  of  fiery  red  augite  syenite  (225  E),  sim- 
ilar to  that  found  on  the  slope.  The  land  continues  at  about 
the  same  hight  north  from  here,  and  is  covered  with  swamps. 
The  rock  is  exposed  in  scattering  outcrops  and  is  the  same  as 
number  22511.  Microscopical  examination  shows  that  this 
rock  is  the  same  as  that  described  from  Eagle  mountain*.  No 
augite  was  found  in  the  section.  Chlorite  Is  present  in  small 
flakes.  There  are  numerous  patches  of  a  yellow  decomposiiion 
product  which  is  easily  removed,  leaving  a  kind  of  poroD> 
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structure,  Quartz  has  thoroughly  saturated  the  rock,  and  some 
of  the  cavities  just  mentioned  are  partially  filled  with  quartz 
crystals,  showing  the  progress  of  the  saturation.  The  only 
original  minerals  definitely  determine  are  orthoclase  and 
oligoclasa 

Seven  miles  north  of  the  last  outcrop,  at  the  north  quar- 
ter post  of  sec.  81,  T.  59-7,  is  a  large  outcrop  of  felsyte 
porphyry,  172E.  The  weathered  surface  shows  flowage  struc- 
ture on  a  large  scale.  173B.  Large  black  segregations  show 
the  peculiar  bent  and  contorted  condition  noticed  in  the  felsytes 
near  lake  Superior.  In  the  N.  W.  i  of  N.  W.  i  sec.  31,  T.  59-7, 
are  numerous  angular  fragments  of  laminated  felsyte,  174S. 
This  rock  was  not  seen  in  place,  but  occurs  in  the  outcrop  one- 
half  a  mile  east  of  here. 

The  next  outcrop  north  of  here  is  in  the  N,  W.  i  of  sec.  36, 
T.  60-ti.  In  the  valley  at  this  place  is  an  exposure  of  black 
fine  grained  diabase  nearly  one  half  of  a  mile  wide.  The  rock 
has  a  basaltic  structure  and  in  many  places  it  is  crossed  by  fine 
veins  of  quartz,  171E.  Under  the  microscope  the  section  shows 
long  lath-shaped  plagioclase.  augite  and  magnetite.  All  of 
these  are  considerably  altered.  In  portions  of  the  section  are 
porphyritie  crystals  of  plagioclase.  This  rock  is  similar  to  the 
diabase  cutting  the  felsytes  north  of  lake  Superior.  It  was  not 
fonnd  in  connection  with  the  felsyte  and  augite  syenite  in  this 
locality,  but  since  in  other  localities  it  is  always  associated  with 
these  rocks  it  is  safe  to  assume  that  it  marks  the  northern  edge 
of  the  red  rock  group  in  T.  60-8. 

On  Greenwood  lake  the  gabbro  is  cut  by  dikes  of  augite 
syenite  varying  in  width  from  one  inch  to  two  feet,  180E,  This 
is  the  same  as  the  rock  which  occurs  in  extensive  outcrops 
south  of  the  lake.  Greenwood  mountain  is  a  mass  of  fiery  red 
augite  syenite,  185E  and  186E.  The  rock  is  of  medium  texture, 
consisting  mainly  of  feldspar  and  quartz.  In  ordinary  light  a 
section  of  this  rock  shows  a  red  stained  field  completely  riddled 
by  secondary  quartz.  The  quartz  is  wholly  secondary  and  in 
many  cases  assumes  a  graphic  form.  ,The  feldspar  is  mostly 
orthoclase  with  some  oligoclase.  These  minerals  have  been 
corroded,  broken  up  and  replaced  by  infiltrating  quartz.  All 
of  the  quartz  grains  in  any  feldspar  crystal  are  similarly 
oriented  and  in  no  case  do  those  in  adjacent  feldspars  possess 
the  same  orientation. 

lu  the  S.  E.  i  of  S.  E.  i  sec- 1,  T.  57-11,  on  the  north  side  of 
the  low  ridge,  are  several  outcrops  of  felsyte  porphyry,  184B. 
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In  microscopical  characters  it  is  similar  to  the  following.  Near 
the  Beaver  Bay  trail  in  the  S.  E.  i  sec.  S3,  T.  58-10,  on  the 
south  side  of  the  broad  ridge,  are  extensive  exposures  of 
fetsyte,  181E.  "Large  surfaces  'ten  to  twenty-five  feet'  square 
show  fluidal  structure  on  a  large  scale.  Pale  pinkish,  light 
green  and  black  felsytes  are  twisted  together  in  various  forms 
and  assume  a  banded  structure.  The  contrast  between  the 
colors  is  very  strong.  Under  the  microscope  it  is  apparent 
that  this  rock  is  a  felsyte  with  a  quartz  saturated  base."*.  The 
base  is  microcrystalline  and  of  a  red  to  purple  color;  the  alter- 
nation of  the  lighter  and  darker  portions  gives  a  wavy  band- 
ing to  the  rock.     Ked  porphyritic  feldspars  are  numerous. 

A  mile  southwest  of  this  outcrop  and  on  the  south  side  ol 
the  swamp  which  covers  the  region  between  the  two,  is  an  oa^ 
crop  of  felsyte  porphyry,  182B,  N.  W.  i  sec.  3,  T.  57-10.  Mi- 
croscopical examination  shows  numerous  orthoclase  pheno- 
cryts  embedded  In  a  red  to  black  aphanitic  groundmass.  The 
feldspar  is  somewhat  altered  to  kaolin  and  shows  shattering 
before  the  solidification  of  the  base.  The  felsyte  is  cut  by  a 
fine  grained  diabase  dike  fifty  feet  wide,  183E.  This  is  the 
same  as  the  rock  found  in  sec.  86,  T.  60-8.  South  of  these 
outcrops  no  others  were  observed,  until  in  the  S.  W.  i  N.  W.  i 
sec.  4,  T.  56-9,  where  the  diabase  of  the  lake  Superior  coast 
is  found. 

During  the  spring  of  1892  Mr.  C.  L.  Chase  of  Hastings,  Minn., 
while  surveying  townships  56-9,  10  and  11,  collected  specimens 
from  all  of  the  rock  outcrops  upon  the  section  lines  in  these 
townships.  These  specimens  are  registered  in  the  general 
museum  list  and  are  briefly  described  as  follows: 

8026.  Diabase  from  the  S.  E.  i  S.  E.  i  sec.  4,  T.  56-9.  This 
is  from  the  same  outcrop  from  which  S15E  was  taken. 

8027.  Anorthosyte.  1,500  paces  north  of  S.  E.  comer  sec. 
5,  T.  56-11.    This  is  north  of  the  red  rock  belt 

8028.  Diabase.  25  chains  west  of  S.  E.  comer  sec.  2,  T- 
S6-11.     This  belongs  to  the  diabases  south  of  the  red  rock. 

8029.  Felsyte  porpl^yry,  S.  W.  i  S.  W.  i  sec.  15,  T.  56-11. 
In  the  N.  E.  i  of  N.  B.  i  sec.  4,  T.  56-11,  is  a  ledge  of  dark 

diabase,  thirty  feet  high,  facing  northward  and  sloping 
toward  the  south,  No.  8032.  A  short  distance  nort^  of  here  on 
the  north  side  of  a  small  stream  is  a  low  east  and  west  out- 
crop of  gabbro.  No.  8031,  A  dike  of  felsyte  porphyry  cats  the 
gabbro,  No.  8033.      Farther  than  this  the  relations  of  these 

■IrrlDK.  op.  cit.   DMorlptlon  and  lllDBtratloD,  p.  SB. 
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rocks  were  DOt  determined.  Tbe  dark  diabase  is  the  same  as 
that  which  was  found  cutting  the  felsyte  in  localities  described 
above. 

On  the  range  line  near  the  northwest  comer  of  sec.  19,  T. 
55-11,  Mr.  A.  D.  Meeds  found  gabbro  and  felsyte  porphyry  in 
contact.  From  this  exposure  the  relations  of  the  rocks  conld 
not  be  determined.  The  region  generally  is  covered  wit^  drift 
and  swamp,  which  conceal  all  outcrops.  One  half  a  mile 
sonth  of  the  last  oatcrop  the  felsyte  again  occurs.  This  prob- 
ably represents  the  southern  limit  of  the  red  rock  belt  in  this 
locality.  The  specimens  collected  show  red  porphyritic  feld- 
spars embedded  in  a  dark  aphanitic  groundmass.  The  gabbro 
is  the  coarse  black  phase  of  the  great  gabbro  formation. 

The  bedded  red  rock  surface  flows  of  the  lake  Superior 
coast  are  traced  by  almost  continaous  outcrops  into  the  great 
body  of  the  red  rock.  The  amygdaloidal  and  compact  dia- 
bases cover  the  so-called  fine  grained  gabbros  or  diabases 
south  of  the  red  rock  group. 

The  varying  composition  of  this  group  has  been  noted  by 
other  writers.  Irving*  says;  "These  three  varieties  of  red  rock 
[stune  as  described  above]  thns  described  as  occurring  at  Du- 
luth,  are  evidently  but  different  phases  of  the  same  rock,  and 
without  much  doubt  connected  with  each  other  in  the  mass, 
tbough  this  was  not  proved  in  the  field."  Although  recogniz- 
ing the  fact  that  the  different  varieties  of  this  group  were  found 
cutting  all  of  the  subdivisions,  Irving  places  them  in  the  differ- 
ent groups  somewhat  arbitrarily. 

To  the  writer  it  seems  that  the  Keweenawan  on  the  north 
shore  of  lake  Superior  can  be  divided  most  satisfactorily  into 
three  large  groups,  with  a  possible  smaller  group,  which  in 
chronological  order  may  be  called  the  gabbro,  diabase,  red  rock 
and  the  later  dikes  along  the  shore. 

VI.     THE  DIABASES.    ' 

Under  this  group  are  included  the  fine  grained  dark  gabbros 
so  called,  and  the  diabases  forming  Irving's  different  groups 
of  the  Keweenawan  above  the  basal  gabbro,  Placing  the  amyg- 
daloidal diabases  and  their  related  rocks  in  their  proper  posi- 
tion, i,  e.,  into  one  large  group,  it  is  evident  that  the  grouping 
of  Irving  must  be  readjusted.  As  a  whole,  this  group  is  made 
up  of  a  diabase  porphyryte,  which  surrounds  the  anorthosytes. 


■Copper  BekrlDg  Books,  p.  272. 
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In  the  region  back  of  the  lake  shore  it  is  impossible  to  sub- 
divide the  rocks  into  the  different  groups  of  Irving.  The 
lithologioal  characters  vary  but  little  over  lai'ge  areas  and 
would  tend  to  show  the  unity  of  these  groups  rather  than 
numerous  subdivisions.  The  continuity  of  the  rock  outcrops 
in  a  measure  serves  to  strengthen  this  view.  This  is  the  rock 
which  transported  the  anorthosyte  to  its  present  position  and 
represents  the  eflusive  portion  of  the  magma,  out  of  which  the 
basal  gabbro  first  cooled. 

VII.      THE  ANORTHOSYTKS  OF  THE  MINNESOTA  SHORE  OF 
,   LAKE  SUPERIOR.* 

These  rocks  are  discussed  in  detail  by  Dr.  A.  C  LawsoQ.f 
The  lirst  part  of  that  paper  takes  up  the  petrographical  char- 
acters. In  the  second  part  the  distribution  and  mode  of  occur- 
rence of  the  anorthosytes  are  discussed.  These  rocks  were 
observed  between  Carlton  peak  and  Encampment  island,  a 
distance  of  forty-six  miles,  and  extend  an  unknown  distance 
inland.  The  occurrence  and  character  is  described  at  the  fol- 
lowing points  on  the  lake  Superior  coast:  Encampment  island. 
Split  Rock  point,  Beaver  Bay,  shore  below  Beaver  Bay,  Bap- 
tism river,  slope  of  Sawteeth  mountains,  Carlton  peak. 

In  discussing  the  geological  relations  of  the  anorthosyte,  it 
is  considered  as  a  pre-Keweenawan  terrane  for  the  following 
reasons:  It  is  traversed  by  dikes,  both  acid  and  basic,  of  the 
Keweenawan  eruptives;  the  Keweenawan  lavas  hold  imbedded 
in  them  innumerable  boulders  and  blocks  of  anorthosyte  evi- 
dently detached  from  a  pre-existing  terrane;  the  anorthosyte 
forms  the  surface  upon  which  the  Keweenawan  lavas  now  rest 
and  upon  which  they  were  originally  extravasated;  the  anortbo 
syte  affords  both  by  its  petrographical  characters  and  by  the 
nature  of  its  surface  the  most  satisfactory  evidence  of  profound 
erosion  prior  to  the  extravasation  of  the  Keweenawan  erup- 
tives. A  great  interval  must  have  elapsed  during  this  erosion, 
and  the  recognition  of  a  pre- Keweenawan  terrane  involves  cer- 
tain consequences  of  geological  importance.  One  of  these  is 
the  absence  of  the  Animikie  in  the  region  of  study;  another  is 
the  correction  of  Irving's  estimate  of  the  thickness  of  the 
Keweenawan.  Instead  of  20,000  feet  in  thickness,  this  is 
placed  at  barely  2,000  feet.     The  anorthosytes  are  plutonic 


>yC0Oglc 


STATE  GEOLOGIST,  175 

eruptives,  invading  the  Archean  and  yet  long  anterior  to  the 
Animikie.  Garltonian  is  suggested  as  a  local  name  for  the 
formation. 

In  view  of  these  confiicting  opinions,  the  writer  was  in- 
stracted  to  make  a  detailed  examination  of  the  field  relations 
of  the  anorthosytes  and  the  associated  rocks.  While  engaged 
in  this  work  all  of  the  localities,  except  Oarlton  peak,  men- 
tioned in  Bulletin  No.  8,  Ets  well  as  all  the  outcrops  existing 
farther  inland,  were  examined.  The  following  notes  bear 
chiefly  upon  the  areas  of  the  anorthosyte  existing  farther  in- 
land, and  not  described  before.  These  observations  confirm 
the  views  of  N.  H.  Winchell,  Irving,  and  others,  in  that  they 
considered  the  anorthosyte  masses  as  detached  blocks  inclosed 
in  later  trap  rocks. 

The  geological  relations  of  the  inland  anorthosyte  areas  are 
much  clearer  than  of  those  at  the  take  shore,  and,  as  will  be 
found  in  the  following  pages,  susceptible  of  only  one  interpre- 
tation, and  the  former  masses  have  the  same  surroundings  as 
those  of  the  latter.  Excluding  the  opinions  of  previous  writers 
and  Interpreting  the  common  facts  of  a  part  of  the  forntation 
b  y  the  facts  common  to  the  whole,  an  explanation  totally  dif- 
ferent from  that  of  Dr.  Lawson  must  be  assigned  to  the  anor- 
thosyte. « 

In  the  S.  W.  J  of  sec  10,  T.  55-8,  at  the  top  of  the  northward 
facing  bluff.  600  feet  abo^e  the  lake,  are  large  masses  of  anor- 
thosyte embedded  in  the  black  gabbro  of  the  re^on.  The 
black  rock  here  forms  a  perpendicular  wall  one  hundred  feet 
high.  The  anorthosyte  occurs  only  at  the  top  of  the  ridge;  it 
is  surrounded  and  cut  by  the  diabase.  The  contact  between 
the  two  rocks  is  somewhat  irregular  and  the  anorthosyte  has 
the  appearance  of  large  irregular  masses,  rather  tban  that  of 
a  water-worn  boulder  or  hilltop.  Many  of  the  large  blocks 
have  been  separated  from  the  enclosing  rock  and  also  broken 
in  to  smaller  blocks,  mainly  through  the  action  of  recent  ice  in 
the  cracks,  and  finally  have  fallen  over  the  blaft.  One  block 
fi  fteen  feet  in  diameter  has  been  lifted  partly  out  of  its  bed  of 
dialjase,  leaving  an  irregular  basin  several  feet  deep,  which 
was  nearly  full  of  water  at  the  time.  On  the  south  slope  of  the 
same  ridge  in  the  8.  E.  \  of  sec.  10,  are  several  large  masses  of 
anorthosyte.  These  appeared  as  though  they  had  been  rolled 
do  wn  from  the  top  of  the  ridge. 

Both  of  the  above  occurrences  are  on  the  western  extension 
of  the  range  which  has  Ijeen  mentioned  in  the  following:  "Be- 
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tweeD  Beaver  Bay  and  the  G-reat  Palisades  are  numerouB  feld- 
spar masses,  in  the  coast  series,  and  iolacd  from  the  shore  a 
very  short  distance  is  a  range  of  low  hills  made  up  of  feld- 
spar, with  traprock  on  the  flanks."*  The  Beaver  river  breaks 
through  this  range  and  precipitous  bluffs  of  black  olivine  gab- 
bro  along  both  sides  of  the  stream  plainly  show  that  this  is 
the  only  rock  forming  the  range  at  this  place.  Masses  of  aa- 
orthosyte  of  all  sizes  occur  enclosed  in  the  black  rock.  The 
flows  of  felsyte  cover  the  gabbro  and  the  anorthosyte.  In  the 
east  i  of  sec.  1,  T.  55-8,  on  the  summit  and  the  south  slope  of 
the  ridge  are  several  large  masses  of  anorthosyte.  The  south- 
em  slope  of  the  ridge  is  heavily  wooded  and  the  roek  outcrops 
are  for  the  greater  part  concealed.  In  ascending  the  ridge 
from  the  lake  shore  nearly  to  the  top  the  occasional  outcrops 
are  black  gabbro  or  diabase.  The  anorthorsyte  at  the  top  is 
cut  and  surrounded  in  numerous  places  by  the  black  gabbro. 

Toward  the  north,  the  ridge  breaks  off  abruptly  in  precipices 
twenty-five  to  fifty  feet  high.  The  rock  is  always  the  black 
gabbro  which  continues  in  extensive  outcrops  north  of  here. 
In  the  N.  B.  i  of  N.  W.  i  of  sec.  12,  T.  55-8,  large  irregular 
masses  of  anorthosyte  are  enclosed  in  the  black  gabbro,  which 
forms  a  perpendicular  wall  fifty  to  a  hundred  feet  high  run- 
ning at  right  angles  to  the  tf  end  of  the  ridge.  The  black 
rock  was  traced  northwestward  into  the  valley  north  of  the 
ridge.  This  plainly  shows  that  the  moss  of  the  ridge  Is  made 
up  of  this  rock,  and  that  the  anorthosyte  here  simply  forms  a 
mass,  capping  the  black  gabbro.  Going  east  on  the  "  old 
county  road"  the  ridge  just  mentioned  is  crossed,  and  for  several 
miles  the  road  runs  along  the  base  of  a  northward  facing 
precipice  of  black  gabbro,  which  forms  the  northern  side  of 
the  ridge. 

There  are  several  breaks  in  the  ridge  where  good  cross 
sections  were  obtained,  viz.,  along  the  creeks  in  section  31,  T. 
56-7,  sections  19  and  20,  sections  17  and  16,  and  along  the  Bap- 
tism river  in  sections  4,  10  and  15.  Along  these  sections  are 
continuous  outcrops  of  black  gabbro  having  in  some  places  a 
coarsely  bedded  appearance,  but  usually  massive.  Anortho- 
syte masses  occur  frequently  at  the  top  and  on  the  south  slope 
of  the  ridge.  A  numi)er  of  these  have  fallen  over  the  bluff 
into  the  valley  on  the  north.  In  the  S.  E.  J  of  sec.  8,  T.  56-7. 
the  anorthosyte  masses  are  as  large  as  fifty  to  one  one  hun- 
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dred  feet  thick  and  three  to  five  hundred  feet  wide,  in  one  case 
covering  the  surface  for  an  eighth  of  a  mile.  The  black  gab- 
bro  cuts  these  masses,  and  forms  the  base  of  the  ridge. 

In  the  N.  B.  i  of  8.  E,  i  of  sec.  27  and  the  N.  W.  i  of  S.  W.  i 
of  sec.  26,  T.  56-6,  is  an  oblong  ridge,  one  fourth  of  a  mile  long 
and  one  eighth  of  amile  wide  at  the  the  top  and  three  hundred 
feet  above  the  surrounding  country  and  six  hundred  feet  above 
lake  Superior.  The  upper  half  of  this  elevation  is  composed 
of  anorthosyte  resting  upon  a  base  of  the  black  gabbro  of  the 
region,  dikes  of  which  cut  the  anorthosyte,  which  here  is  found 
to  vary  in  mineral  composition  considerably  more  than  in  other 
localities.  It  is  not  a  pure  feldspar  rock.  A  large  part  of  the  rock 
contains  numerous  dark  areas  of  the  ferro-magnesian  minerals. 
The  whole  rock  has  the  composition  of  the  normal  gabbro. 
Specimens  168a  to  g  represent  the  dtfFerent  phases  of  the  rock . 
One  half  a  mile  northwest  of  this  locality,  in  the  S.  E.  i  of  N. 
E.  \  sec.  27,  is  Schafl's  hill.  The  greater  part  of  this  hill  is 
composed  of  dark  diabase,  which  forms  perpendicular  walls  on 
all  sides  of  the  hill  and  makes  the  ascent  to  the  top  very  diffi  ■ 
cult.  On  top  of  the  bill  and  near  the  southwestern  edge  is  a 
masB  of  anorthoryte  about  five  hundred  feet  square.  This  is 
the  same  pure  feldspar  rock  which  occurs  at  Beaver  Bay.  This 
outcrop,  six  hundred  and  twenty  feet  above  and  four  miles 
from  lake  Superior,  is  the  most  distant  outcrop  of  this  rock 
from  the  lake.  Other  occurrences  are  in  the  N.  E.  i  of  S.'  E. 
i  sec.  26,  and  the  S.  W.  i  sec.  25,  T.  56-8.  At  both  of  these 
localities  there  is  no  doubt  that  they  are  enclosed  masses.  In 
the  latter  place  an  irregular  mass  of  anorthosyte  seventy  feet 
in  diameter  has  been  broken  off  from  the  neighboring  diabase 
wall  and  lies  near  its  original  place  in  a  tilted  position. 

After  these  occurrences  of  the  anorthosyte  were  examined 
thamost  important  exposures  at  Beaver  Bay  on  the  lake  shore 
were  again  examined.  All  of  these  outcrops  hold  the  same  re- 
lation to  the  diabases  and  gabbros  of  this  region  as  that  held 
by  the  outcrops  farther  inland. 

The  occurrence  at  the  cove  below  Split  Kock  point  is  of  im- 
I>ortance,  and  there  exists  a  difference  of  opinion  concern- 
ing it.  All  geologists  agree  that  the  smaller  masses  of  anor- 
thosyte are  fragments  included  in  the  diabase.  Various  views 
have  been  expressed  concerning  the  large  masses.*  The  lim- 
ited extent  and  the  relations  of  the  anorthosyte  are  apparently 
the  same  as  observed  elsewhere.    In  this  locality  the  relations 

*Biillatiii  No.  8.,  pp.  11-14. 
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of  the  different  rocks  are  somewhat  icdistinct.  Viewed  in  the 
light  of  the  other  occurrences  of  even  greater  extent,  whose 
geological  relations  are  undoubted,  it  is  safe  to  place  the  rocks 
in  this  locality  in  the  same  position.  The  hypothetical  section 
of  the  rocks  at  Split  Rock  point,  given  in  Balletin  number  S. 
p.  13,  in  no  way  represents  the  relations  of  the  anorthosyte  to 
the  later  rock,  as  understood  by  the  writer. 

The  mineralogical  composition  ia  not  as  constant  as  is 
stated  in  Bulletin  No.  8.  Attention  has  been  called  to  this 
fact  by  Prof,  Winchell"  in  the  following  note:  "  That  some  of 
the  masses  were  not  of  pure  feldspar  rock,  but  contained  in  the 
usual  proportions,  the  minerals  augite  and  magnetite.  *  *  * 
Thin  sections  have  revealed  in  the  feldspar  boulders,  however 
pure  they  may  appear  to  the  eye,  sm^l  quantities  of  augite, 
and  from  these  minute  quantities  there  are  all  gradations  to 
typically  constituted  gabbro."  These  statements  the  writer, 
after  his  extended  observations,  is  able  to  coDflrm. 

In  addition  to  the  above,  attention  may  be  called  to  the  fact 
that  in  the  majority  of  cases  the  original  ferro-magnesian 
mineral  has  been  altered  to  chlorite,  often  forming  a  peeudo- 
amygdaloidal  structure.  188/  in  thin  section  shows  this  char- 
acter. The  most  typical  outcrop  of  the  anorihosyt«  is  the 
ridge  in  the  S.  E.  i  sec.  27,  T.  56-8.  In  this  large  mass  all 
variations  and  gradations  described  from  different  isolated  lo- 
calities are  readily  seen.  Specimens  188a  to  g  from  this  ridge 
represent  all  the  varieties,  and  may  be  taken  as  a  typtical  set 
of  the  anorthosyte  of  the  lake  Superior  coast. 

Sufficient  evidence  has  been  presented  to  show  that  the 
anorthosyte  occurs  only  as  included  mtiaaes  in  the  diabases  and 
that  it  does  not  represent  a  pre-Keweenawan  terrane  existing 
in  situ  beneath  the  diabase.  Conclusions  based  upon  this  as- 
sumption have  therefore  no  value. 

The  petrographical  characters  are  the  same  as  those  of  the 
central  part  of  the  gabbro  formation.  Considering  the  gabbro 
as  the  intrusive  and  the  diabases  as  the  effusive  portions  of  the 
same  magma,  it  is  easily  seen  that  while  the  upper  portion  of 
the  magma  was  solidified  as  the  gabbro,  in  the  interior  of  the 
mass  large  masses  or  aggregations  of  feldspar  were  separated. 
These  solid  masses  floating  around  in  the  liquid  magma  were 
ejected  with  it  and,  being  considerably  lighter  than  the  sur- 
rounding molten  mass,  floated  near  the  surface  and  are  there- 
fore at  present  only  found  near  the  top  of  the  first  outburst  of 
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diabase.  Later,  when  some  of  this  diabase  was  eroded,  the 
feldspar  knobs  projected  above  the  Burrouodiiig  rocks  and  at 
the  time  of  the  later  lava  flows  were  covered  up  by  the  felsytes 
and  other  rocks  of  the  red  rock  group.  This  explains  the  ori- 
gin and  present  position  as  v-ell  as  the  domed  and  hummocky 
characters  of  the  anorthosyte. 

VIII.      SUMMARY. 

In  the  preceding  pages  the  writer  has  attempted  to  show 
several  points  of  interest  to  those  who  are  working  in  the  geol- 
ogy of  the  pre-Cambrian  rocks.  A  brief  review  of  the  more 
important  points  advanced  will  not  be  out  of  place. 

Sn(yw}}ank  lake  area.  The  structure  and  some  of  the  charac- 
ters of  the  rocks  north  and  west  of  the  lake  are  given.  The 
quartz  porphyry,  so  common  in  the  Keewatin,  here  has  an  un- 
usually  extensive  developement.  An  augite  granite  is  de- 
scribed, with  an  explanation  of  the  local  occurrence  of  augite 
granites  in  Minnesota.  Additional  evidence  is  given  showing 
the  derivation  of  the  mica  and  hornblende  schists  from  the 
Keewatin. 

ActinoUte  maffnetUe  schists  from  the  eastern  Meaabi.  Descrip- 
tion of  the  schists  and  their  geological  associates  is  given, 
showing  their  derivation  from  a  rock  containing  an  original 
iron  carbonate.  These  schists  were  greatly  affected  by  the 
gabbro.  The  recognition  of  the  true  character  of  these  scbUts 
will  establish  an  important  analogical  link  between  the  Mesabi 
and  the  Peuokee  series.  It  is  also  shown  that  the  so-called 
Fewabic  quartzyte  between  Birch  lake  and  Gunflint  lake  be- 
longs to  the  middle  member  (iron-bearing)  of  the  Animikie. 

The  gabbro.  Several  observations  in  the  hitherto  unexplored 
regions  are  recorded.  Attention  is  called  to  the  varying  min- 
eralogical  phases  of  the  gabbro  showing  that  it  is  to  be  consid- 
ered as  an  intrusive  rather  than  an  effusive. 

The  red  rock.  Augite  syenite,  qiiartz  porphyry,  felsyte,  etc, 
are  described  from  the  vicinity  of  Greenwood  lake.  These 
rocks  were  traced  into  simitar  rocks  on  the  shore  of  lake 
Saperior.  It  is  shown  that  nearly  all  of  the  red  rock  forms  one 
prominent  group.  The  Keweenawan  rocks  north  of  lake  Super- 
ior are  divided  into  the  gabbro,  diabase,  red  rock  and  the  later 
dike  groups. 

The  diabases.  Under  this  group  are  included  the  fine  grained 
gabbros  and  diabases  immediately  south  of  the  main  body  of 
the  red  rock  group.    It  is  also  suggested  that  the  subdivisions 
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of  the  Keveenawan  of  Minnesota  into  the  minor  groups  of 
Irving  is  impossible.  The  diabases  are  considered  as  tlie 
effusive  eqtiivalent  of  the  gabbro. 

The  oTiorthosyte.  Evidence  is  prodnced  showing  that  th& 
anorthosyte  occurs  only  as  included  masses  in  the  diabases.  In 
mineralogical  composition  it  is  the  same  as  tiie  gabbro  of  which 
it  was  originally  a  part-  The  anorthosyte  occurs  near  th  e  top 
of  the  first  outflow  of  the  diabase  group  and  afterwards  K  was 
also  covered  by  the  felsyte  and  diabase  of  the  red  rock  group. 
The  conclusions  based  upon  the  supposition  of  Lawson  that 
the  anorthosyte  formed  a  pre-Keweenawan  terrane  are  thus 
rendered  valueless. 
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XIII. 
LIST  OF  ROCK  SAMPLES  COLLECTKD  IN  1893 


By  a,  H.  Elftman. 
The  greater  part  of  these  specin^ens  have  beeD  examined  iu 
thin  section.  The  term  "anorthosyte"  is  used  to  designate  the 
pure  feldspar  rocks  of  the  Keweenawan.  These  specimens  are 
marked  with  white  shellac  figures  with  the  letter  E  after  the 
number. 

1.  Dioryte  inclusion  in  granite,     S.  W,  J  N.  W,  J  sec.  1,  T. 
62-12. 

2.  Schistose  inclusion  in  granite.     Same  locality. 

3.  Contact  of  hornblende  schist  and  granite.  Same  locality. 

4.  Porous  condition  of  schists-     Same  locality. 

5.  Diabase  dike.     S.  W.  i  S.  E.  i  sec.  24,  T.  62-12. 

6.  Granite  near  the  preceding. 

7.  Lenticular  hornblende  mass  in  granite.      N.  E.  i  S.  E.  ^ 
sec.  25,  T.  62-32. 

8.  Quartz  dioryte  inclusion  in  granite.    4  specimens.    N.  W. 
i  N.  E.  i  sec.  7,  T.  62-11. 

9.  Granite.     Same  locality. 

lOA.     Gneiss.     Inclusions  in  granite.     S.  E.  ^  N.  W.  ^  sec.  7, 

T.  62-11. 
lOB.     Contact    Same  locality. 

11.  Quartz  dioryte  inclusion  in  granite.     S.  E.  ^  S.  E.  ^  sec. 

12,  T.  62-12. 

12.  Diabase  dike.    Same  locality. 

13.  Dioryte.    Same  locality. 

14.  limine  grained  granite.      S.  E.  i  N.  G.  i  sec.  13,  T.  62-12. 

15.  Coarse  granite.     Same  locality. 

16.  Schistose  dioryte.     N.  E.  i  N.  E.  i  sec.  13,  T.  62-12. 

17.  Hornblende  inclusion  in  granite.      Prom  the  point   on 

White  Iron  lake  in  S.  W.  i  S.  W.  J  sec.  12.  T.  62-12. 

18.  Hornblende  schist.     Same  locality. 

19.  Dioryte.    Same  locality. 
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20.  Quartz.      200  paces  north  of  S.  E.  corner  sec.  11,  T.  €2-12. 

21.  Granite.     Same  locality, 

22.  Magnetite  vein  cutting  granite.     Same  locality. 

23.  Magnetite.     Same  locality. 

24.  Light  red  granite.     N.  E.  J  N.  E.  J  sec.  14,  T.  62-12. 

25.  Dark  red  granite,     Same  locality. 

26.  Weathered  granite.     Same  locality. 

27.  Mica  schist.     S.  W.  i  N.  E.  i  sec.  36  T.  63-11. 

28.  Schist.     N.  E.  i  N.  W.  J  sec.  2.  T.  62-11. 

29.  Mica  schist.     Same  locality. 

80.  Concretionary  greenstone.       N.  E.  i  N.  E.  J  sec.  17,  T. 
63-9. 

31.  Diabase.     Same  locality. 

32.  Schistose  diabase.     Same  locality. 

33.  Diabase  dikes,     a.  Coarse,  b.  fine  grained.      N.  W.  i  N. 

E.  i  sec.  17,  T.  63-9. 

31.  Talc  schist.     N.  W.  i  N.  E.  i  sec.  17,  T.  63-9. 

35.  Jasper.     S.  W.  i  S.  W.  i  sec.  1.  T.  63-10. 

36.  Schistose  diabase.      One  foot  from  contact  with  jasper. 

Same  locality. 

37.  Diabase.     Twenty  feet  from  contact     Same  locality. 

38.  Diabase.     Forty  feet  from  contact.     Same  locality. 

39.  Dioryte.    S.  W.  i  N.  W.  i  sec  31.  T.  64-9. 

40.  Hornblende  porphyry.    S.  W.  i  S.  W.  i  sec.  1,  T.  63-10. 

41.  Schistose  greenstone.    Same  locality. 

42.  Concretions  in  greenstone.     Same  locality. 

43.  Hornblende  porphyry.    N.  E.  i  S.  E.  i  sec.31,  T.  63-9. 

44.  Conglomerate.     N.  W.  i  8.  E.  i  sec.  31.  T.  63-9. 

45.  Qaartzless  porphyry  pebble  in  conglomerate.      Same 

locality. 

46.  Laminated  diabase.    N.  E.  i  S.  W.  J  sec.  31,  T.  64-9. 

47.  Matrix  of  conglomerate.     Same  locality. 

48.  Dioryte.     Same  locality. 

49.  A  to  E.      Quartz  porphyry.      S.  W.  i  S.  E.  i  sec  31,  T. 

64-9. 

49.  F  and  6.     Weathered  surface  of  the  preceding. 

50.  Diabase.     Same  locality. 

51.  Contact  of  diabase  and  quartz  porphyry.     Same  locality. 

52.  Jasper.     N.  W.  i  S.  W.  i  sec.  32,  T.  64-9. 

53.  Hornblende  porphyry.     Same  locality. 

54.  Coarse  dioryte.     N.  E.  i  S.  W.  i  sec.  32,  T.  64-9. 

55  Quartzless  porphyry.      S.  E.  i  N.  W.  i  sec.  26,  T.  64-9. 

56.  Granite  cutting  porphyry.     Same  locality. 
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Qaartzless  porphyry.    Same  locality. 
58.    Contact  of  schist  and  porphyry.  , 

Qaartzless  porphyry.     N.  E.  J  N.  W.  i  sec.  26.  T,  64-9. 

Qnartz  porphyry.    N.  E.  J  S.  W.  i  sec.  23,  T.  64-9. 

Quartzless  porphyry.     3.  E.  J  S.  W.  i  sec.  23.  T.  64-fl. 

Hornblende  schist.     N.  W.  i  S.  E.  J  see.  23,  T.  64-9. 

Argillyte.     S.  W.  i  S.  E.  J  sec.  34,  T.  64-9. 

Gabbro.     N.  E.  i  S.  W.  i  sec.  4,  T.  63-8. 

Gabbro.  (Iron  ore  near  bottom  of  the  beds).  Same  locality. 

Gabbro.  (Iron  ore  near  the  top).    Same  locality. 

Fine  grained  gabbro  in  the  ore  bed.    Same  locality. 

Keewatin  schist  inclosed  in  gabbro.    Same  locality. 

Coarse  weathered  gabbro.     Same  locality. 
70.    Coarse  gabbro.     S.  E.  i  S.  W.  i  sec.  4,  T.  63-8. 

Gabbro,  largely  plagioclase.     Same  locality. 
72A.    Olivine  gabbro.     S.  W.  i  S.  W.  i  sec.  4,  T.  63-8. 
72B.     Bedded  olivine  gabbro.    Same  locality. 

73.  Contact  of  olivine  and  coarse  gabbro.     Same  locality. 

74.  Diabase     N.  W.  i  S.  W.  i  sec.  34,  T.  64-8. 

75.  Iron  ore.    N,  E.  i  S,  W.  J  sec.  4,  T.  63-9. 

76.  Anorthosyte.     N.  W.  J  N.  E.  i  sec.  24,  T.  63-9. 

77.  Feldspar  from  No.  76.     Same  locality. 

76.  Specimens  showing  weathering  of  the  gabbro. 

79.  Diabasic  anorthosyte.    S.  E.  i  N.  W.  i  sec.  24.  T.  63-9. 

60.  Shows  large  plagioclase  crystal  in  No.  79. 

61.  Olivine  gabbro.     N.  W.  i  S.  W.  i  sec.  20.  T.  63-8. 

82.  Coarse  olivine  gabbro.     Same  locality. 

83.  Transition  of  Nos.  81  and  82. 

84.  Olivine  gabbro.    Same  locality. 

85.  Olivine  gabbro.     N.  W,  i  S.  E.  J  sec.  1,  T.  62-9. 

86.  Intermediate  between  Nos.  85  and  87. 

87.  Olivine  gabbro.     N.  E.  i  S.  W.  i  sec,  1,  T.  63-9. 
86.  Granite  dike.     S.  E.  i  8.  W.  i  sec.  1,  T.  62-9. 

89.  Anorthosyte.     S.  E.  i  S.  W.  J  sec.  1,  T.  62-9. 

90.  Plagioclase  crystals,     N.  W.  i  of  N.  W.  i  sec.  13,  T.  63-8. 

91.  Plagioclase  and  diallage.    Same  locality. 

92.  Diallage.     Same  locality. 

93.  Olivine  gabbro.     S.  E.  corner  sec.  1,  T.  62-9. 

94.  Anorthosyte.    N.  W.  i  N.  E.  i  sec.  12,  T.  62-9. 

95.  Olivine  gabbro.    N.  W.  i  S.  W.  i  sec.  e,  T.  62-8. 

96.  Diallage.     S.  W.  i  N.  E.  i  sec.  2.  T.  62-9. 

97.  Gabbro.     N.  W.  i  N.  E.  J  sec.  29,  T.  63-9. 

98.  Pine  grained  gabbro.     Same  locality. 
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dd.  Gabbro.     Same  locality. 

100.  Foliated  olivine  gabbro.    Same  locality. 

101.  Olivine  gabbro.    Swne  locality. 

102.  Contact  between  Nos.  97  and  100.    N.  E.  i  N.  W.  i  sec. 

29,  T.  63-9. 

103.  Oontact  showing  biotite  in  gabbro.     Some  locality. 

104.  Olivine  gabbro.    N.  W.  J  N.  E.  J  sec.  21,  T.  61-9. 

105.  Olivine  gabbro.     S.  W.  i  N.  W.  J  sec.  31,  T.  62-9. 

106.  Olivine  gabbro.    N.  W.  i  S.  E.  J  sec.  7.  T.  61-9. 

107.  Foliated  diabasic  gabbro.     S.  W.  \  sec.  12,  T.  61-10. 

108.  Fine  grained  olivine  gabbro.     Same  locality, 

109.  Olivine  gabbro.     Same  locality. 

110.  Foliated  olivine  gabbra    a  E.  i  S.  B.  i  sec.  27,  T.  62-10. 

111.  Bedded  olivine  gabbro.     Same  locality. 

112.  Olivine  gabbro.     N.  W.  i  8.  E.  i  sec.  27.  T.  62-10. 

113.  Anortbosyte.     Same  locality. 

114.  Anorthosyte.     100  paces  north  of  No.  113. 

115.  Anorthosyte.     S.  W.  1  N.  E.  i  sec.  27.  T.  62-10. 

116.  Plagioclase  crystal  in  No.  115. 

117.  Olivine  gabbro.    S.  W.  i  S.  W.  i  sec.  15,  T.  62-10. 

118.  Granite.    N.  E.  J  N.  E.  i  sec.  25.  T.  62-8. 

119.  Contact  between  gabbro  and  granite.    Same  locality. 

120.  Olivine  gabbro.    S.  E.  J  N.  E.  i  sec.  20.  T.  62-10. 

121.  Coarse  gabbro.     100  feet  north  of  magnetite  ore.    N.  W. 

i  S.  E.  i  sec.  30.  T.  62-10. 

122.  Infiltrated  quartz.     S.  E.  J  S.  B.  i  sec.  80,  T.  62-10. 

123.  Pyroxenyte.     Same  locality. 

124.  Quartz  and  gabbro.    Same  locality. 
12SA.     Olivine.    Same  locality. 

125B.     Hornblende.     Same  locality. 

126.  Olivine  gabbro.     Muskrat  lake,     a  W.  J  S.  E.  i  sec.  30, 

T.  62-10. 

127.  Olivine  gabbro.     Muskrat  lake.     S.  E.  ^  S.  E.  i  sec.  30, 

T.  62-10. 

128.  Gabbro.     S.  B.  i  S.  W.  i  sec.  29,  T.  62-10. 

129.  Matrix  of  conglomerata  N.  E.  iS.  W.  i  sec.  26,  T.  64-9. 

130.  Dioryte.    S.  E.  J  S.  "W.  i  sec.  13,  T.  64-9. 

131A.    Concretionary  schistose  diabase  dike.      N.  R  comer 

see-  28,  T.  62-11. 
181B.    Contact  of  granite  and  dike. 
132.     Granite  with  part  of  dike  adhering. 
183.     Granite.     S.  W.  comer  sec.  28,  T.  62-11. 
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134.  Coarse  foliated  hornbleDde  granite.    N.  W.  ^  N.  W.  J  sec. 

33.  T.  62-11. 

135.  Gabbro  boulder.     N.  J  post  sec.  28,  T.  62-11. 

136.  Granite.    E.  i  post  sec.  32,  T.  62-11. 

137.  Orthoclase  crystals.    Same  locality. 

138.  Orthoclase  crystals.     N.  E.  i  N.  E.  J  sec.  28,  T.  62-11. 
139     CJoarse  gabbro.     S.  W.  i  S.  W.  i  sec  19,  T.  61-U. 

140.  Diabase.    Same  locality. 

141.  Slate  boulder.     Sec.  24,  T.  61-12. 

142.  Pyroxenyte.     Same  locality.  t 

143.  Gabbro.    Same  locality. 

144.  Gabbro  with  chalcopyrite.     Same  locality. 

145.  Magnetite,  sec.  24,  T.  61-12. 

146.  Olivine  gabbro.    N.  W.  J  sec.  31,  T.  61-10. 

147.  Anorthosyte.     N.  E.  J  S.  W.  i  sec.  36,  T.  61-11. 
148A.     Anorthosyte.     S.  W.  i  N.  W.  J  sec.  31,  T.  61-10. 

148B.     Olivine  and  plagloclase  segregations  in  gabbro.    Same 

locality. 
149A.     Anorthosyte.     Harris  lake.     N.  W.  J  sec.  26,  T.  61-H. 
149B.     Olivine  gabbro.     Harris  lake.     N.  E.  i  see.  27,  T.  61-11. 
150.    Biotite  gabbro.     N.  W.  i  sec.  29,  T.  61-11. 
151A.     Contact  between  feldspar  and  olivine  segregations.    N. 

E.  i  N.  E.  i  sec.  6,  T.  60-11. 
151B.     Laminated  weathered  surface  of  No.  151A. 
151C.     Diallage.    Same  locality. 
152.    Anorthosyte.     N.  W.  i  S.  W.  i  sec.  8,  T.  60-11. 
153A.     Olivine  gabbro.    N.  i  post  sec.  2,  T.  60-10. 
153B.     Olivine  gabbro.    N.  W.  i  sec.  35,  T.  61  10. 

154.  Anorthosyte.    S.  W.  i  N.  W.  i  sec.  35.  T.  6110. 

155.  Olivine  gabbro.    N.  i  post  sec.  3,  T.  60-10. 

156.  Olivine  gabbro.     N.  E.  J  N.  E.  i  see.  4,  T.  60-10. 

157.  Gabbro.     S.  W.  i  sec.  4,  T.  59-10. 

158.  Diallage.     Harris  lake.    Sec.  26.  T.  61-11. 

159.  Olivine  gabbro.     100  paces  west  of  N.  K  corner  sec.  1, 

T.  59-10. 

160.  Olivine  gabbro.     S.  E.  i  N.-E.  i  see.  1,  T,  59-10. 

161.  Gabbro.    500  paces  S.  of  E.  i  post  sec.  1,  T.  59-10. 

162.  Granite.     Boot  lake.     S,  W.  i  N.  E.  i  sec.  21,  T.  64-8. 
168.    Spotted  talc  schist     N.  W.  i  S.  E.  J  sec.  15,  T.  64-8. 

164.  Spotted  talc  schist.    N.  E.  i  S.  W.  i  sec.  22,  T.  64-9. 

165.  Talc  schist.    Same  locality, 

166.  Spotted  schist.    Same  locality. 
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187.     Schist  with  large  orthoclase  crystalB.     Same  locality. 
Preceding  4  specimens  are  transitions  from  164  to  167. 
168.     Quartzless  porphyry.     S.  W.  i  N.  W.  i  sec.  21.  T.  64-8. 
169      Ferruginous  talc  schist.     S.  E  i  S.  W.  i  sec.  20,  T.  64-9. 
170.     Gabbro.    N.  i  part  sec.  4.  T.  60  8.     [Lost.] 
17U.     Diabase.  N.  W.  i  N.  W.  i  sec.  86,  T.  60-8. 
171B.     Diabase.    S.  W.  i  N.  W.  i  sec.  36,  T.  60-8. 
172.    Black  felsyte  porphyry.    N,  i  post  sec.  31,  T.  53-7. 
173A.     Red  felsyte  porphyry.    Same  locality. 
173B.     Weathered  surjace  of  No.  173A,  - 

174.  Laminated  felsyte.    Same  locality. 

175.  Olivine  gabbro.    S.  E.  i  S.  E.  i  sec.  30,  T.  5&.10. 

176.  Hypersthene  gabbro.     S.  E.  i  sec.  82.  T.  59-10. 

177.  Gabbro  veins.     S.  E.  i  sec.  19,  T.  60-8. 

178.  Hypersthene  gabbro.     Greenwood  lake.     N.  E.  i  sec.  9, 

T.  58-10. 
179A.     Reddish  gabbro.     N.  E.  i  sec.  16,  T.  58-10. 
179B.     Olivine  gabbro.    Same  locality. 
180.     Angite  syenite  dike.    Same  locality. 
181A  to  E.     Felsyte.    N.  E.  J  S.  E.  J  sec.  33,  T.  58-10. 

182.  Felsyte  porphyry.    N.  W.  \  see.  3,  T.  57-10. 

183.  Diabase.     N.  W.  J  sec.  3,  T.  57-10. 

184.  Felsyte  porphyry.     S.  E.  i  S.  E.  i  sec.  1,  T.  57-11. 

185.  Augite  syenite.     N.  E.  i  S.  E.  J  sec.  25.  T.  58-10. 

186.  Augite  syenite.    50  paces  south  of  N.  W.  corner  sec.  30. 

T.  58- 10. 

187.  Gabbro.     "Grandmother"  hill.     S.  W.  J  S.  E.  J  sec.  8. 

T.  57-13. 

188.  Anorthosyte.      N.  E.  J  S.  E.  I  sec.  27.  T.  56-8.     a  Light 

colored,  h  Shows  fracture.  c  Dark  colored,  rf 
Chlorite  segregations.  e  Weathering.  /  Fine 
grained.     Chlorite  evenly  distributed. 

189.  Gabbro  cutting  No.  188. 

190.  Anorthosyte,  shows  weathering  and  chlorite.     Schafs 

hill.     S.  W.  i  N.  E.  i  sec.  27,  T.  56  8. 

191.  Gabbro.     Schaff's  hill.    . 

192.  Diabase  at  top  of  hill.     S.  W.  i  S.  E  J  sec.  22,  T.  56-8. 

193.  Diabase  north  base  of  hill. 

194.  Diabase.    In  river  bed.     N.  W.  i  S.  E.  i  sec.  22,  T.  56-6. 

195.  Amygdaloidal  diabase,  laumontite,  chlorite,  calcite  and 

quartz.    Same  locality. 

196.  Diabase  porphyryte.     S.  W.  i  S.  E.  i  sec.  22,  T.  56-8. 

197.  Diabase.    Same  locality. 
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198A.     Red  mottled  gabbro.     S.  E.  i  S.  W.  i  sec.  34,  T.  57-7. 
1988.     Diabase.     S.  E.  i  S.  E.  J  sec.  34.  T.  67-7. 
J99.     Gabbro.     S.  E.  J  S.  W.  i  sec.  27.  t.  56-8. 

200.  Gabbro.     B.  E.  J  S.  W.  J  sec.  11.  T.  56-8. 

201.  Gabbro.     N.  B.  i  N.  E.  i  see.  13,  T.  56  8. 

202.  Diabase.    N.  W.  i  S.  W.  J  sec.  7,  T.  56-7. 

203.  Diabase  porphyrjta     Same  locality. 

204.  Gabbro  containiog  plagioclase  crystal  1  inch  in  diameter. 

N.  E.  J  sec.  6.  T.  56  7. 

206.  Gabbro.     N.  W.  i  N.  E.  J  sec.  6,  T.  67-7. 

206.  Gabbro.     S  E.  i  sec.  19,  T.  57-7. 

207.  Gabbro.     N.  W.  i  N.  W.  i  sec  25,  T.  66-8. 

208.  Diabase.     N.  W.  i  S.  W.  i  sec.  26,  T.  56-8. 

209.  Aiorthoayte.    N.  E.  J  S.  E.  i  sec.  26,  T.  56  8. 

210.  Red  gabbro.    N.  E.  i  S.  W.  1  sec.  25.  T.  56-8 

211.  Diabase.      Bear  lake,  N.  W.  i  N.  W.  i.'sec.  3.  T.  55-8 

212.  Diabase.    N.  E.  i  N.  W.  i  sec.  S,  T.  55-8. 

213A.     Amygdaloidal  diabase  porphyryte.      On"town  road,  i 

mile  south  of  N.  E.  corner  sec.  8,  T.  55-8. 
213B.    Same,  one  half  mile  south  of  the  preceding. 

214.  Diabase.     8.  E.  i  N.  W.  t  sec.  31.  T.  56-8 

215.  Gabbro.     60  paxjes  south  of  N.  W.  comer  sec  15,  T.  56-9. 

216.  Diabase  porphyryte.    N.  E.  i  N.  E.  i  sec  9,  T.  558. 

217.  Diabase.     S.  W.  i  S.  E.  i  sec  9,  T.  55-8. 

218.  Diabase.    S.  E.  J  S.  E.  i  sec.  9,  T.  55-8 

219.  Anorthosyte.     S.  E.  i  S.  W.  J  sec  10,  T.  -aS-S. 

220.  Olivine  gabbro.     Second  falls  of  Beaver  river.      N.  W.  ^ 

S.  W.  i  sec  12,  T.  55-8. 

221.  Pine  grained  diabase.    N.  W.  i  S.  W.  i  sec  3,  T.  55-8. 

222.  Amygdaloidal  diabase.     S.  E.  i  S.  E.  i  sec.  2,  T.  55-8. 

223.  Gabbro.    N.  W.  i  N.  W.  J  sec  1,  T.  55-8. 

224.  Anorthosyte.     S.  W.  i  S.  E.  i  sec  1,  T.  55-8. 

225.  Augite  syenite.    S.  W.  i  sec.  5,  T.  57-7. 

226.  Diabase.    S.  W.  J  N.  W.  J  sec  22,  T.  57-7 . 
S27.  Olivine  gabbro.    W.  i  post  sec.  86,  T.  55-11. 

228.  Diabase.     8.  W.  i  N.  E.  J  sec  33,  T.  55-10. 

229.  Diabase.     S.  E.  i  S.  W.  i  sec.  11,  T.  55-10. 

230.  Anorthosyte  boulder.     Same  locality. 

231.  Diabase.    N.  W.  i  N.  E.  J  sec  15.  T.  55-10. 

232.  Diabase.    N.  W.  J  N.  W.  J  sec  28,  T.  55-10. 
23il.  Diabase.     8.  E.  i  8.  E.  i  sec  26,  T.  63-11. 

234.     Ophitic  gabbro.      100  paces  north  of  S.  E.  comer  sec.  27,. 
T.  58-11. 
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235.  Ophitic  olivine  gabbro.     Same  locality. 

236.  Contact  between  235  and  anorthosyte  iaclnsion.    Same 

locality. 

237.  Fine  grained  red  gabbro.  N.  E.  i  N.  E.  i  sec.  34,  T.  51-11. 

238.  Diabase.    N.  W.  i  S.  W.  i  sec.  12,  T.  53-11. 

239.  Diabase.     N.  E.  J  N.  E.  i  sec.  17,  T.  53-11. 

240.  Diabase.     S,  W.  1  N.  W.  i  sec.  8,  T.  53-11. 

241.  Diabase  with  feldspar  crystals.     Same  locality. 

242.  Compact  felsyte.   Railroad  cut.     N.  E.  i  sec.  21,  T.  52-11. 

243.  Amygdaloidal  diabase.    Lake  shore,  sec.  21,  T.  52-11. 

244.  Diabase.     S.  W.  i  N.  W.  J  sec.  8,  T.  53-11. 

245.  Amygdaloidal' diabase  containin;?  lanmontite,  calcite,  etc- 

Stewart  river.  S.  W.  i  N,  E.  J  sec.  29,  T.  53-10. 

246.  Amygdaloidal  diabase.      From  "Coppermine."    S.  E.  J 

N.  E.  i  sec.  29,  T.  53-H. 

247.  Pine  grained  phase  of  246. 

248.  4  specimens  represent  th^  rock  below  the  amygdaloidal 

diabase,  and  form  bed  of  the  Stewart  river.  N.  E.  i 
N.  W.  Isec.  29.  T.  53-10. 

249.  Diabtise.     Upper  falls  {■■the  slide")  of  Stewart  river. 

K  W.  i  S.  W.  i  sec.  20.  T.  5310. 

250.  Gabbro.    S.  W.  i  S.  W.  i  sec.  15,  T.  53-10. 

251.  Diabase.     Mouth  of  Stewart  river. 

252.  Gabbro.    N.  W.  i  S.  W.  J  sec.  4,  T.  53-10. 

253.  Diabase.     Same  locality. 

254.  Contact  between  Nos.  S:52  and  253. 

255.  Gabbro.    N.  W.  i  sec.  6,  T.  54-9. 

256.  Amygdaloidal  diabase.     Point  below  Split  Rock  river. 

257.  Diabase.     First  falls  of  Gooseberry  river. 

258A.    Diabase.     Flood  bay.     S.  E.  i  N.  W.  i  sec.  32,  T.  53-10. 
258B.     Laminated  diabase.     Same  locality. 

259.  Diabase.    Rock  cut  two  miles  north  of  Highland .     D.  & 

I.  R,  railroad. 

260.  Diabase.  N.  W.  corner  sec.  12,  T.  52- 11. 

261.  Fine  red  mottled  diaba.se.     Lighthouse  point  at  Two 

Harbors. 

262.  Diabase.     Rock  cut  one  mile  north  of  Two  Harbors. 

263.  A  different  phase  of  No.  262. 

264.  Diabase.     One  mile  south  of  Cloquet. 

265.  Red  rock  boulder.    Same  locality. 

266.  Diabase.     On  old  county  road  norfch  of  Great  Palisades. 

267.  Quartzless  porphyry.    S.  E.  J  S-  E.  i  sec.  23.  T.  64-9. 

268.  Granite.     Same  locality. 
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269.  Schist.     S.  E.  i  N.  W  i  sec.  24.  T.  64-9. 

270.  Quartzless  porphyry.     N.  E.  i  S.  E.  i  sec.  19.  T.  64-8. 

271.  Augite  granite.    N.  W.  i  S.  W.  i  sec.  20.  T.  64-8. 

272.  Quartaless  porphyry.    S.  W.  i  N.  W.  J  sec  20.  T.  64-8. 

273.  Granite.     S.  W.  i  N.  W.  i  sec.  20.  T.  64-8. 

274.  Siliceous  schist.    Boot  lake.     N.  W.  J  S.  E.  i  sec.  21,  T. 

64-8. 

275.  Granite.     S.  W.  J  N.  W.  J  sec.  20,  T.  64-8. 

276.  Matrix  of  conglomerate.    N.  E.  i  S.  E.  J  sec.  22.  T.  64-9. 

277.  Argillitic  schist.     Saiae  locality. 

278.  Dioryte.     N.  E.  i  S.  W.  i  sec.  28.  T.  64-9. 

279.  Quartzless  porphyry.     Flask  lake.     S.  E.  i  S.  E.  i  see. 

28,  T.  64-9. 

260.  Dioryte.     Same  locality. 

281.  Hornblende  porphyry.     S.  W.  i  N.  W.  i  sec.  31,  T.  64-9. 

282.  Hornblende  schist.    Jasper  lake,  sec.  1.  T.  63-10. 

283.  Hematite.     S.  W.  i  S.  E.  J  sec.  1,  T.  63-10. 

284.  Hornblende  porphyry.     Same  locality. 

285.  Dioryte.     N.  W.  i  S.  W.  i  sec.  26,  T.  64-9. 

286.  Argillitic  schist.     N.  E.  i  S.  W.  i  sec.  26,  T.  64-9. 

287.  Spotted' talc  schist.    N.  W.  i  S.  E.  i  sec.  15,  T.  64-8.  * 

288.  Diabase.     Bed  of    Baptism  river  at  the  crossing  of  Hie 

old  county  road.     S.  E.  i  sec.  4,  T.  58-7. 
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Diablo  oanjOD  meteoric  In 

aillceom  Iron 

FKjette  couDtr.  TexB»,  ta 
S)«;  ttom  the  ant  Irao  tui 
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Bella  Roca  meteorite,  slab,  etched 
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Mercedetas  meteorite,  slab,  elcbed. ... 

DuQCBii  meteorllfl.sl&l),  etched  .... 
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Granite 

"- ratified   Toloanlc   dust  (with    oseta   ot 
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Diabase,  black 


lein  America 


i.alat 
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t,  serlcltlc,  weathered,  terraglnous 
a  UmestoDe,  pjrltireious,— from 


a  boulder- 
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LlRulte,  fraffments  in  modlfled  drift . . 

Taconrte  (SOth  Ann.  Rep.,  p.  114).  a  llBsUa, 
alaty  variety— from  moralDlo  drift. 


Dlabiue,  ooarse,  m^netlQ... 


Various  rocks. 
Slate,  black.,. 
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Diablo  aaii7Da,  Arli.... 
Fijette  coQDty,  Tex... 


rariok  Co..  Tei. 


XiODg  L.,6t.Loais6o'.,Hliia 

HoPtaeraoD  Co.,  Kao 

UorrlKiD'*  tmy,PlKeoDPtHHi 

(ieenftti.  Wis 

IK  m-  X.  of  IroQ  BldK«,  Wis.. 


lofMc.  as.  T.  M.  _ 

lS.W.)iof  Heua,T.U.B.!S,AIU 

J  klaCo,,  wesleni  oulorop 

Bftme  iocalli  r,  SMMrn  ouWmp. 

BlDBdale.  D.  &  I.  B  railroad. 
near  center  of  3.  Hot  sec.  B. 
T.  SO.  B.  li  Vt.;    ftbandooad 

Same  quany  with  preceding. 


EiOBvation   lor    Sandy    lake 
dam,  AltklQ  ooaaty 

Mesaba  itatlon,  D.  ft  I.  B.  rall- 


Woods. 
Booky  point  inear  uiinaeison 
fishery)  Lake  of  Ibe  Woods  . 


Oormarant  Island,  Lako  of  the 

Woods , 

RaplaEtter  tails 


Found  In  «ii 


Mllaii  with  TMT.    ^V.  m. 
_, jd  slab.  Sill  In. 

Inohell.  From theoldclnder piles. 


By  oxcbaoae.  S49sr. 
SlOgp 
M  gp. 

;;         «a  gr, 

Hltlberg  and  Brandlne 


Present  by  F.  L.  Bperry. 

(Eliuberly). 

Warren  ITpham.   (About  U>4  m.  south  o( 

Lthe  foregolns). 

(About  Bm.H.W.  from 

"  "    Tbese  outcrops  are  nboat 

SO  rods  apart,  the  !d  and  smaller  being 

N.£.  from  tbeSiBt. 

Warran  Vpham.  iFormlng  tbe  Olant's 
or-'Mesalil"  rangei  quarried  here  tor 
the  audltortnni,  Chicago.) 


rarely  In  southwiHlern  Mlcnf 
examplee  la  Big  Stone  and  Oimi  1.D11 
oountles.  see   vol.  1,  p.  SA;  and  vol.  II, 

D.  Ml), 

Warren  Dpbam.     (Olaie,  W.  of  Kettle 
'  ler.QD  road  from  Hoose  I^ke  station 
BeKver.  Allkln  ciinty.) 
'ren  npham.     (Llitestone  boaldeta 
B  very  rare  In  tbls  oountry.) 

reuUpham.    (Forming  tbe  greater 
rl  of  the  gravel.) 

Presented  by  Archibald  Johnson,  Super- 
intendent of  Oonetraotlon.  (PlentltuL 
In  a  bed  ot  sand  and  gravel  below  the 
level  of  the  river.  I 

Tarren  Upham.    (Abundant  In  Knolly 
moivlnlo  drift  here,  and  especially  In 
belt  crossed  by  railroad  M-IM  ma.  a.  E. 
ot  Hesaba.) 
.  E.  Todd.   No.  1. 

J.  E.  Todd.  'No.). 

tblok"  at  Janatlou  of 

gabbro  and  granite.)  _ 

J.T;.Todd.  No.  5.  (Forming  8.  W.por- 
lloD  of  Rocky  point  at  Ounderson's. 

E.  Todd.    Ko.  B. 
E.  Todd. 
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, 
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. 
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Varloas  booiaera. 

» 

«» 

Dlorjte 

1 

Booe 

UmestODe.  ...   

Qreenatone  with  rounded  quartiei 

1 

1! 

aacHi 

GnelM.  blotltle 

1 

lb 

6013 

Si! 

Blotlt«  Rran1t«,coarae 

1 
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s 

Mloa  achlst.  reddish 
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1 
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% 
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%  m.  E.ot  montb  of  Bapld  river. 
Kocliy  point.  Lakeot  the  Woods 
IiODg  point.       "      "         " 
Lake  of  the  Wooda,  S.  ihore 


Sturgeon  river 

BlK  Fork    i-lver,  V, 

Staraeoa  river 

Bte   Foric    TlTcr,  4-1 

Siurseon  river. 

BKrnesvllle.  Hltm... 

MlBSlnslpnt    PlvA*   a. 
E^Bem: 


i'.' below 


tt  Elbow  lake,  K  Bub  bard 

oooDty..       

Big  Fork  river,  T.n-SS... 


Big  Fork  rlvei 
Big  Foft'rlv. 


K  between  Rioe 
r,  'K"m."i>eio» 
If,  ii   m.  iieiow 


8.  line  of  sc 

W.  line  of  s 

N.  line  o(  BOO.  £3 
V.  llneofMC     ' 
'W.llne<aear: 
8e<>.B.iitKl... 

Bec'i.  la.  Z3  iuid  ti'et^JS. : '. 


0.  R  leoehB.  N.  of  9.W, 

ear.T.is&.u 

N.  Uds  sea.  11.  GS-ll 

8.  WJt  B.  W.  tt  aec.  10.  «e-ll.. 


J.  E.  Todd,  (Rock ,_, 

m.  8,  W,  of  Zlpple's.Dearthemouth< 
Sandoreek--"' -  —  --——  ■ 


f Localltj  B.1 
(Locality  B.) 


(Look  Point  ll  alto  called 


of  Sand  creek.) 


iO0kUrt.h1gh,U 
Ipple'a.  near  the  mouth  of 
Winter Boad  rivet] 


a  L.  Chase. 


"a?.)"**" 

yfroni  first  eipos- 
.ot«B..n.  K.) 
y  from  Brat  exww- 
'      -        ZL) 

(NoteB.,  p.t&.) 
(NoteB..  p.2».) 


(NoteB..p.«J. 

IN.otthesraplie. 
Mica  schist  la  all  abing  the 


Igranlte. 
'•  Schlit  Is  on  tbe  [T  of  the 
■'  ■■  Country  la  full  of  gran- 
ite ridges,  with  Intervening  swamps; 
the  itranlie  runs  N.  E.  and  S.  W. 
C.  L.  Chase.  The  acblat  lies  to  tbe  N.  of 
|,ttie  granite. 
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ArlstetelUDitlduUtrlr 

Rhlpldomella  mlBSOurlenals 

"roauctellH  pyildaU  Hall 

JhoneUB  tcenlDUlKtua  WblW 

CyrtlDk  Bcntlrostrla  ShutD&id... 
ODonopterlum  effuaum 


CryptohlBstus  meloO.  &  S 

SpIrlterftpecnllsrUSbumaid?.., 

fhllllpBlasp,?.,? 

"'  'j-cefMap? — 

. ....  copToIlte 

PlaurotomarU  Bp.? 

Piatyceraaan  ' 
ZruoaplrttJ  I 


ZruoaplrttJ  Hp.7 

UoraullieH  oarbonarlua  Oarlaj 

PalieaolH  enormia  M.  Bud  W 

Orlhothebaa  lena 

Euuniphaluiap.?  (roang  at  B.  lataa),.. 

LeptiBDa  rhombolaall* 

ZaphrentlsldaA.  WlnohslI 

Strophaloala  Bctntllla 

Ortbls  testudlaarla  Dalman 

Fish  («eth.  gen.  ?  ap.  ?... 


spheuroldalls  Duncan 

laflloaaUlrloh 

iHcfaadlMi  laveDBlB  Owen.. 

Raflnesnulna  alternata  Ooarad. .. 

Ortbia  aubqaadnta  HkII 

Sbropbomena  flllMxta  Hall 

Orthla  meedsl  W.  and  S 

., . ■^--  •  w.  andS. 


ifKosplaaupb —      . 

Platyatropbia  bllorataScfalot.. 

Orthla  Jsubaiquatii "-' — 


glbboaaBlHlnia.. 


OrthU  auba^uala  var.  peryeta  Conrad.. 
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LOCIUTT. 

Formation. 

COLLKHOB  AMD  BUfABKS. 

0.  L.  Cbasa.  No.  eOB2  Is  in  a  wall  DO  ft. 
klBh   facing  N.  BO"  E.;    slopesS.  100 

by  a  ravine.  %o.  8088  Isin  a  vein  In 

PALEOHTOLOGY. 

MTTSBUH  SINCE  THE  LAST 


LotMLITT. 

Formation. 

OOLI.KOTOB  AND  BeIURKI. 

LUh-lfra'sl-nt 
L.BnrI.ch... 

Llth.llm-Bt'ne 

01  Id  ton  group 

L.Buri.  ohert. 
Llth-lim-sfne 

L.Bbrl.  chert. 
Llth-lim-sfne 
Niagara  gr.... 

Chaa  Sohuohen 

ssSH;-";;;;::;;;---^ 

Presented  Dy  E.  0.  Ulrlch.  Vol.  lU,  p.  545, 
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Galena  shales 
Trenton  sh'l's 

Trenton  shale 
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July,    1891 

Aug..    1891 

GwhSurrey.., 

s 

'■                   "       

Uha)tetespetropolli*nuBpBnaet. 

Isitpbue  mexiatus  Locke 

IlBMrocrlooahecerodiiotylusHalL 

PleurotomtirlaumbllloBi&'Hiill 

JellBrophcrabllobatusSow 

ffisssr.S'sKSiiiiiif 

OrlnoldbBBB 

8W1 
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OrthocerftBdyeM  Miller 

■    WW 

OhuiteUB  finicllls  JamuB 

HiU^mi 

8d!S 

J&Q,,  1894 

Geoi.  Surrey.! 
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COLtilCTOR  AKD  RBHARES. 


Florence.  lova.... 
Seenah.  Wis..... 
Janesvllle.  Wig. 

McGregor.  lonii 

e  m.  B.  of  OtLDOon  Palls. 


Warac 

Oiford 


Oxford,  O. 

Graf,  loira 

Sorwood.N.y 

■alDDespollB.  Hlon 

LlrioDlD  Co.^  8.  D. 
Kin  Despoils.  Mln 


Trenton  sbalc 
"   ■    as  shale. 


Chas.  9ohaoh«rt. 


C.  L.  Herrlclt. 
B.  O,  Ulrlob. 
Cbaa.  Scbiichert, 
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ADDITIONS  TO  THE  LIBRARY  SINCE  THE 
REPORT  FOR  1892. 


The  preeent  list  consists  of  the  additions  made  from  Dec.  1, 
1893,  to  April  1,  1894. 


Albany.    Bull.  State  Huseum.  Ill,  ] 


Baltimore.    Amer.  Chem.  Jour.,  xv,  7-8,  1883;  xvl,  1-2,  18B4. 

Johns  HopklDS  Univ.  Circulars,  xlil,  108-110, 1894. 
Bet/ait.    Heport  aod  Proc.  Belfast  Mat.  Hist,  and  Philosophical  Soc, 


Berkeley.    Bull.  Dept  Geology  Uolv.  o(  Calir  ,  I,  pp.  72-16a  Dec,  18M. 
Berlin.    Deutscben  GeologlBchen  Gi«sells.  Zeltschrlft,  xlv.  No.  2,  1893. 
ftm.    Mitth.  Naturf.  Geaella.,  Nos.  1279~13(M,  1892. 
Boston.    Pruc.  BosLod  Soc.  Nat.  Hist ,  xxtI,  No.  1,  lf92-93. 
Braunaduoeig.    Jahr.  de  Veretns  for  Naturwisseascbaft,  No.  7,  1889-90 
and  1890-1891. 


CambrxdfK.    Appalachian  Mouaialn  Club.  Appalachia,  vil,  No.  3,  Mcb., 
1891.    Register,  1894. 
Peabody  Acad.  Science,  Annual  Reports,  i-vl,  1869-1673. 
Harvard  College,   Mus.   Coiup.   Zool.,  Annual  Rep.  of   Curator, 
1892-93;  Bull.,  xiv,  Nob.  5-6,  1894. 
Chicngo.    Univ.  of  Chicago,  Jour,  of  Geology,  I,  Nos.  1-8, 1893;  11,  5os, 

1-2,  1891. 
Cinciniirtti.    Jour.  ClaclDnati  Soc.  Nat.  Hist.,  xvl,  Nos.  1-4. 1893-18W. 


Darmaladt.    Mittb.  Geol.  Landesanstalt  zu  Darmstadt,  1,  No.  1,  1893. 
Dtnver.    Colorado  Scl.  Soc.,  ext.  from  Proc,  1893-1894. 
Dca  Moims.    Annual  Rep.  lona  Geol.  Survey,  1882. 
Dresden.    Jahr.  des  Verelns  f.  Erdkuade,  xxiil,  1893. 


Edijiburgh.    Trans.  Edinburgh  Geol.  Soc.,  vi.  No.  5,  1893. 
Proc.  Royal  Soc.  Edinburgh,  xlx,  lB91-fl 
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XVI. 

THE  EXHIBIT  OF  THE  SURVEY  AT  THE 
COLUMBIAN  EXPOSITION. 


BY  N.  H.  WINCHELL. 


The  Minnesota  fiurvey  bad  no  independent  agency  in  the 
State's  e:xhibit  at  the  Columbian  £xposition,  but  aided  through 
correepondence  with  the  state  board  of  managers  in  every  way 
that  was  feasible.  The  survey  also  prepared  a  series  of  typi- 
cal rock  samples,  numbering  100,  dressed  to  the  usual  museum 
size  ol  3  in,  by  4  in.,  which  were  fully  labelled  and  well  shown 
in  a  suitable  vertical  wall  case,  the  various  specimens  being 
secured  in  position  by  brass  clamps  screwed  into  the  case  so  as 
to  hold  both  labels  and  specimens  in  position.  This  suite  in- 
cluded all  the  sedimentary  formations,  with  some  special 
phases,  and  most  of  the  crystalline  rocks. 

The  survey  also  exhibited  twenty  unpublishedmaps  designed 
to  show  the  physical  features  of  the  state.  These  were  essen- 
tially the  same  series  of  maps  as  those  exhibited  at  the  New 
Orleans  Industrial  and  Cotton  Centennial  Exposition  at  New 
Orleans  in  1884,  but  after  damage  by  fixe  at  Fillsbury  hall 
they  had  been  redrawn,  and  in  some  particulars  had  been  cor- 
rected in  accordance  with  later  information.  The  judges  who 
examined  the  exhibits  of  the  Mines  and  Mining  building 
awarded  a  diploma  to  this  set  of  rocks  and  maps.  It  is  signed  by 
George  H.  Williams. 

At  the  New  Orleans  Exposition  the  Minnesota  survey  had  a 
much  larger  exhibit.  Whether  any  award  was  made  for  this  ex- 
hibit is  not  known.  That  Exposition  broke  up  in  confusion, 
the  committee  of  awards  did  not  make  known  its  conclusions, 
and  the  directors  never  carried  out  its  determinations.  The 
Minnesota  State  Commissioner's  report,  covering  a  detailed  re- 
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port  of  the  operations  of  the  MiDne&ota  surrey,  and  of  various 
other  departments  of  the  state  exhibit,  was  never  published, 
though  filed  with  the  governor. 

At  the  Universal  Exposition  at  Paris,  in  1889,  a  set  of  the 
publications  of  the  survey  was  on  exhibition  and  received  a 
bronze  medal  and  a  diploma. 

In  addition  to  the  general  award  as  above  by  the  judges  at 
the  Columbian  Exposition,  special  diplomas  were  awarded  to 
Mr.  Warren  Upham  and  to  Mr.  Louis  Ogaard  for  expert  assis- 
tance in  the  preparation  of  the  survey  exhibit. 

After  the  close  of  the  Exposition  the  Board  of  State  Mana 
gers  of  the  Columbian  Exposition  decided  to  dispose  of  the 
State's  exhibit  in  the  Mines  and  Mining  building  by  depositing 
it  in  the  General  Museum  of  the  University,  on  condition  that 
it  should  be  re-erected  in  Minneapolis  in  the  same  form  as  it 
had  at  Chicago.  This  served  as  a  nucleus  about  which  were 
gathered  numerous  other  exhibits,  donated  by  individuals  and 
by  State  Commissioners,  the  whole  being  designed  to  make  a 
large  addition  to  the  University  Museum,  especially  illustrative 
of  economical  geology.  The  whole  collection,  after  shipment 
to  Minneapolis,  was  stored  in  the  Colosseum  building  on  the 
University  grounds,  and  was  almost  entirely  ruined  when  the 
building  was  destroyed  recently  by  fire.  Fortunately,  however, 
the  above  series  of  maps  had  been  removed  to  Pillsbury  hall 
a  short  time  before  the  confiagration. 
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ADDRESS. 

MiHHBAPOUS,  Minn.,  Dec.  20,  1694. 
7b  the  Pretidtnt  of  the  Board  of  Regents: 

Deulb  Sir — I  have  the  honor  and  the  pleasure  of  teadeting 
herewith  the  twenty-third  annual  report  of  the  Geological 
fuid  Natural  History  Surrey,  so  far  as  pertains  to  the  progress 
made  in  the  geological  department  thereof,  accompanied  by 
some  statements  respecting  the  General  Museum  and  the 
library  accessions. 

Respectfully  submitted, 
N.   H.  WINCHELL, 
State  Geologist  and  Curator  of  the  Gteneral  Museum. 
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1. 

SUMMARY  STATEMENT. 

The  work  of  the  year  has  consisted  chiefly  in  the  study  and 
arrangement  of  field-notes  and  collateral  data  and  the  prelim- 
inary examination  of  some  of  the  specimens  collected.  Some 
of  the  final  maps  and  manuscripts  have  also  been  prepared. 
Contour  lines,  based  on  the  barometic  and  other  levels  obtained 
by  the  survey,  have  been  placed  on  most  of  the  township  plats. 
The  geological  boundaries  having  been,  in  the  main,  determined 
with  sufficient  exactness  by  the  field  work  of  1893,  it  remains 
only  to  draft  the  final  sheets  and  compare  and  adjust  all  the 
data  for  the  final  report.  This  is  progressing  as  fast  as  possi- 
ble. Prior  to  the  final  description  of  the  formations,  all  the 
field  specimens  must  be  examined  more  carefully  than  it  has 
yet  been  possible  to  do.  This  is  a  tedious  and  technical  pro- 
cess in  which  chemical  and  microscopical  methods  are  followed. 

During  the  year  considerable  labor  has  been  put  on  a  re- 
consideration of  the  general  classification  of  the  rocks  of  •the 
lake  Superior  region,  involving  the  study  of  some  more  remote 
collateral  question^.  This  has  been  done  preparatory  to  the 
correct  grouping  and  naming  of  our  oldest  formations.  This 
labor  is  not  yet  finished,  and  will  not  be  till  the  final  report  is 
completed,  as  it  is  a  continuous  and  progressive  development,  . 
which  has  such  wide  scope  that  all  geologists,  who  are,  or  have 
been,  at  work  on  the  rocks,  are  contributors  to  the  result. 

The  economic  development  of  important  Interests  in  the 
northern  part  of  the  state  has  been  constantly  observed  and 
noted.  This  repeated  appearance  of  new  and  interesting  geo- 
logic features  incident  to  such  development  tends  to  delay  the 
progress  of  the  work  toward  the  closing  up  of  the  investiga- 
tion. It  becomes  necessary  to  reexamine  the  localities  where 
these  new  developments  spring  up  in  order  to  embrace  the 
facts  in  the  general  discussion.  The  recent  discovery  of  con- 
siderable quantities  of  gold  in  the  vicinity  of  Rainy  lake  led  to 
one  of  these  new  developments.     The  survey,  while  it  is  ip 
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active  progress,  also  incurs  a  certain  obligation  to  examine  and 
report  upun  sucii  interests,  in  order  to  furnish  to  the  public 
,  authentic  information.  Such  information  serves  to  correct  the 
wild  rumors  that  sometimes  get  started,  and  often  prevents  the 
waste  of  ill-guided  exploration  by  directing  would-be  investors 
in  the  essentials  of  profitable  enterprise.  In  the  months  of 
September  and  October  an  examination  was  made  of  this  re- 
gion by  Dr.  U.  S.  Grant  and  Mr.  ,H.  V.  Winchell,  and  their  joint 
report  on  the  same  is  embraced  in  the  following  pages.  The 
assays  which  have  been  made  of  specimens  procured  by  them 
in  the  field  warrant  the  statement  that  gold  exists  in  the  Rainy 
lake  region,  in  some  places  in  sufficient  quantities  for  success- 
ful quartz  mining.  These  localities  are  near  the  International 
boundary  line,  and  mostly  in  Canadian  territory.  There  are 
some  encouraging  locations  within  Minnesota  territory.  The 
interest  that  has  been  aroused  on  this  subject  has  attracted 
many  to  the  district,  resulting  in  the  creation  of  several  town- 
sites  which  have  several  hundred  inhabitants,  as  well  as  draw- 
ing attention  to  the  fine  agricultural  lands  of  the  Rainy  river 
valley,  and  to  other  natural  resources. 

Volume  III  of  the  final  report  is  still  in  the  printer's  hands- 
It  has  been  delayed  in  completion  by  several  unavoidable 
causes,  but  principally  by  a  change  in  plan  as  to  the  amount  of 
paleontology  it  should  contain.  It  was  decided  to  embrace  a 
report  on  the  gasteropods  and  cephalopods  of  the  Lower  Silu- 
rian, with  the  necessary  plates.  This  would  so  enlarge  the 
volume  that  it  was  thought  best  to  put  it  up  in  two  "parts," 
and  it  will  be  so  published.  During  the  last  year  there  have 
been  published  independently  some  of  the  chapters  of  this  vol- 
ume, viz.: 
Chapter  VII.    Ttie  Lower  Silurian  Oslracoda  at  Minnesota.     By  E.  0. 

Ulrich.    Pp.  629-693,  4  plates;  published  July  2*,  18S4. 
Chapter  VIII.    Tho  Lower  Silurian  trilobites  ot  MiDDcsota.  Uj  John  M. 

Clarke.    Pp.  091-750.  with  82  figures  In  the  text;  pabllshed  Sepl-. 

27,  1894. 
The  twenty-second  annual  report  has  also  been  published. 
The  collaborators  on  the  survey  have  published  elsewhere  the 
following  contributions,  devoted  mainly  to  the  geology  of  the 
state  and  of  the  northwest. 
The  Ashing  tianks  hetwoen  cape  Cod  and  Newfoundland.     Warrm  Up- 

ham.    Amer.  Jour.  Scl..  3,  vol.xlvii,  pp.  123-129,  Feb.,  1891. 
Diversity  or  theglacial  driftaloDgltsboundary,     Warren  Upham.     Ibid- 

3,  vol.  xlvil.  pp.  358-365,  May,  18S4, 
British  drift  theories.     \Vm-ii»i  Vpkim.    Amer.  Geol.,  vol.  xiii,  pp.  2TS- 

279,  April,  1894. 
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Tertiary  aod  earl;  QuateroarfbaseleveltDg  la  Mioneaota, 

northwestward.    Warren  Upham.   Ibid.,  vol.  xlv,  pp.  235-246,  Oct., 

1894. 
Tertiary  and  Quaternary  stream  erosion  in  North  America.    (Abstract.) 

Warren  Upham.     Amer.  Ass.  Ad.  Sci.,  vol.  xHl,  pp.  181-183,  1894. 
Pleistocene  climatic  chaag«s-    Warren  Upham.    Geol.  Mat;.,  uewser.,  dec. 

4,  vol.  i,  pp.  .140-349,  Aug.,  1894. 
Wave-like  progress  of  an  epeirogenic  uplift.    Warren  Upham.    Journ.  of 

Geol.,  vol.  ii,  pp.  383-396,  May-June,  18B4. 
Tbe  epeirogenic  theory  of  the  causes  of  the  ice  age,     Warren   Upham. 

Glacialists'  Mag.,  vol.  l,  pp.  211-217,  May,  1894. 
ijuaternary  tlmedlvialble  in  three  periods,  the  Lafayette,  the  Glacial  and 

Recent.     Wni-reii   Upham.     Amer.  Nat.,  vol.  xivlll,  pp.  979-988, 

Dec,  1894. 
Evidencesofsuperglacialeskers  in  Illinois  and  northward.     Warren  Up- 
ham.   Amer.  Geol.,  vol.  ziv,  pp.  403-405,  Dec.,  1894. 
Composite  generic  fundaoienta.    John.  M.  Clarke.    Amer.  Geol.,  vol.  xlll, 

pp.  286-2P9,  Apr.,  1694. 
A  merican  species  of  Aiitodetus,  and  some  paramorpbic  shells  from  the 

Devonian.    John  M.  Clarke.    Amer.  Qeol.,  vol.  xlil,  pp.  321-335, 

May,  1894. 
Sarly  stages  of  Bactrites.    John  Jtf.  Clarke.    Amer.  Geol.,  vol.  xlv,  pp.  37- 

43,  pi.  2.  July,  1894. 
Nanno,  a  new  cephalopodan  type.  John  M.  Clarke.  Amer  Geol.,  vol.  xlv, 

pp.  205-206,  Oct.,  1894. 
A  rteslan  water-supply  for  Hlnneapolls.    N.  H.  Winekell.    [A  letter  to  the 

City  Council].    In  the  ofBcial  proceedlogs  of  the  Council,  and  In 

the  Evening  Spectator,  Minneapolis,  Aug.  25, 1B94. 
The  Columbian  Eipoaitlon.    Some  special  state  eihlbits  of  the  crystal 

linerocks.    N.  H.  Wiachell.    Amer.  Geol.,  vol,  xlv,  pp.  108-113- 

Aug.,  1894. 
The  origin  of  spheroidal  basalt.    N.  H.  Winchell.    Amer.  Geol.,  vol.  xiv, 

pp.  321-326,  Nov.,  1894. 
Sicetchof  Dr.  John  Locke.    N.  B.  Winchell.    Amer.  Geol.,  vol.  xlv,  pp. 

341-.156,  [portrait],  Dec.,  1894, 
A  new  meteorite,  Minnesota  No,  1.    N.  H.  WintiielL    Amer.  Geol.,  vol. 

xlv,  p.  389,  Dec.,  1894. 
A  sketch  of  geological  investleations  in  Minnesota.  JV.  H.  irincAeJf.  Jour. 

of  Geol. .vol.  II.  Nov.,  1894. 
The  state  of  Minnesota,     U.  S.  Grant.      Compte  Rendu  de  la  5me  Session 

do  CoDKresgeologiquelDternatloDal,  pp.  302-311,  Washington,  1893. 
Although  the  years  1893  and  1894  have  witnessed  a  general 
and  severe  flnancial  depression,  the  development  of  the  iroD 
ores  of  the  state  has  been  unabated.  The  shipments  during 
1893  were  739,919  tons  from  the  Mesabi  range  and  820,821  tons 
from  the  Vermilion  range.  For  1894  the  Mesabi  range  pro- 
1,790,000  tons  and  the  Vermilion  range  about  1,000,000  tons. 
A  more  detailed  statement  is  given  on  another  page  of  this 
report. 
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II. 

THE  ORIGIN  OF  THE  ARCHEAN  GREENSTONES. 

BV  N.    H.   WlHCHELL. 

In  the  twentieth  annual  report  the  writer  presented  some 
"preliminary  considerations  as  to  the  stmctares  and  origin  of 
the  crystalline  rocks."  In  the  progress  of  that  discussion  he 
had  occasion  to  make  reference  (pp.  20-26)  to  the  Archean 
greenstones.  Attention  was  directed  to  their  anomaloos  char- 
acter, their  stratigraphic  position,  and  to  the  limited  scope  of 
the  philosophy  which  assigns  them  to  a  changed  condition 
of  basic  irruptives  through  the  action  of  dynamic  metamor- 
phism. 

In  the  further  consideration  of  the  same  subject  it  became 
necessary  to  study  more  carefully  the  work  of  Dr.  Geo.  H,  Wil- 
liams, in  his  valuable  contribution  to  the  geology  of  the  north- 
west, then  lately  published.* 

The  tendency  of  the  conclusions  reached  by  Dr.  Williams  is 
to  refer  the  greenstones  as  a  body  to  dynamic  metamorphista 
of  massive  irruptive  rocks.  Some  of  the  crucial  issues  of  this 
investigation,  as  they  appeared  to  the  writer  were  brought 
out  in  that  former  discussion,  which  offered  a  preliminary  dis- 
sent from  this  conclusion,  and  which  presented  the  bearing  of 
some  important  broad  considerations  which  indicated  in  gen- 
eral a  sedimentary  origin  for  the  mass  of  the  greenstones.  The 
writer  has  also  briefly  referred  to  this  subject  in  a  paper  on 
the  greenstone  agglomerate  at  Ely,  Minn.f 

The  following  pages  will  be  devoted  to  a  critical  examination 
of  the  published  work  of  Dr.  Williams,  based  mainly  on  the 
facts  presented  by  himself,  but  partly  on  the  writer's  own  ac- 
quaintance with  the  regions  described  by  him. 

'The  gnaalone  grhtit  area»i>/Uu  ittnomintt  niuj  MarqiuUtrttiiontof  Mleliiaan:atiiBl'^- 
hultcn  to  Iht  atbjtet  of  dunamle  mitanvyrpMtm  in  <rupHw  nwfti,  b;  Qiosaa  B.jnnaaioi 
WIU.UHS.  with  an  la  traduction  by  RobABD  DitRB  IkVOIo.  <Bull<>tln  fl2oI  ttaeO-!^. 
Geological  Survey.  Waahlnglon,  1900,  pp.  Ml,  and  la  ptutea).  Received  bjtheiriifr 
Msrcb  S,  1801 , 

+The  KavlBhlwln  agglomerate  Ht  El;,  Hlan.,  Amer.eeol.  rol.  iji^W-  MMf8,  IK. 
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It  was  in  April,  1893,  that  this  review  was  begun  by  the 
writer.  He  has  devoted  to  it  such  hours  as  have  been  free 
from  other  duties,  at  irregular  intervals,  until  it  has  assumed 
the  proportions  of  a  chapter  far  beyond  the  magnitude  which 
was  contemplated.  The  writer  is  conscious  that  the  work  is 
one  of  the  chefs  ^ceuvres  of  the  U.  S.  Gleological  Survey,  and 
that  it  has  already  had  a  powerful  influence  in  directing  the 
sentiment  of  all  geologists  who  have  not  specially  interested 
themselves  in  this  question.  It  is  not  expected  that  this  criti- 
cism will  counteract  that  tendency  to  any  important  degree, 
it  will  require  another  similar  treatise,  prepared  with  equal 
ability  from  a  different  point  of  view,  to  effect  that  result.  In 
the  meantime,  however,  as  the  writer  in  the  course  of  his  study 
of  the  crystalline  rocks  of  the  state,  comes  upon  this  question, 
he  is  forced  to  consider  it  before  he  can  proceed  with  his  fur- 
ther studies.  Not  being  ready  to  accept  some  of  the  leading 
conclusions  reached  by  the  author  respecting  the  greenstones 
of  the  regions  discussed,  it  appears  to  be  necessary  to  present 
in  some  detail  the  objections,  and  the  reasons  therefor,  which 
he  entertains. 

The  greenstones  are  the  bete  noire  of  the  geologists  of  the 
crystalline  rocks,  and  he  who  attacks  them  should  consider 
well  the  hazard  before  he  lets  fly  his  first  sling.  The  work  of 
the  writer  on  these  ambiguous  rocks  has  been  largely  in  the 
field,  but  supplemented  with  laboratory  and  library  studies, 
and  he  has  experienced  some  fluctuations  in  his  views  as  to 
their  origin  from  time  to  time  as  he  received  new  evidence.  At 
fii*st  disposed  to  class  them  among  clastic  rocks,  the  derivation 
of  whose  sediments  he  considered  problematical  and  did  not 
venture  to  inquire  into,  he  was  induced  later  by  the  preponder- 
ating testimony  and  judgment  of  microscopical  lithologists,  to 
theoretically  group  them  as  eruptive  inorder  to  justify  what  he 
thought  a  necessary  postulate  respecting  some  of  their  attend- 
ants. After  further  and  prolonged  examination  in  the  field,  ac- 
companied by  some  studies  of  their  microscopical  structures — 
his  own  and  those  of  others — he  was  compelled  to  return,  in  a 
large  measure,  to  his  original  opinion.  His  present  belief  is, 
therefore,  that  the  great  bulk  of  the  '  'greenstones"  sis  an  Arohe- 
an  terrane,  ought  to  be  classed  as  pyro-clastic,  i.  e. ,  that  they  or- 
iginated from  eruptive  agencies,  as  tuff  and  all  kinds  of  vol- 
canic debris  sometimes  very  coarse,  and  were  distributed  and 
somewhat  stratified  by  the  waters  of  the  ocean  into  which  the 
materials  fell.    That  there  would  have  been,  and  that  there  is 
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evideDce  to  show  that  there  was,  in  conjuQCtion  with  such  vol- 
canic outbursts,  anoccasioual  escape  from  the  same  vents,  of 
liquid  lava,  he  is  quite  ready  to  admit,  but  he  coosiders  these 
as  subordinate  features,  and  with  great  difficulty  identifiable. 
He  would  reverse  the  main  conclusion  of  Dr.  Williams  as  to 
the  comparative  amounts  of  these  two  sorts. 

With  this  brief  statement  of  the  point  of  view  from  which 
this  review  is  written,  and  an  acknowledgment  of  his  indebted- 
ness to  Dr.  Williams  for  many  fruitful  ideas,  and  of  patriotic 
pride  in  the  capacity  which  he  has  shown  as  an  American  ge- 
ologist in  the  production  of  so  thoughtful  and  learned  research 
in  this  difficult  field,  the  writer  desires  simply  to  call  atteDtinn 
to  some  of  the  passages  in  the  interpretation  of  facts  and  in  the 
scope  of  the  philosophy  of  tiie  bulletin,  which  appear  to  be 
faulty,  fundamentally,  and  therefore  to  impair  materially,  the 
validity  of  the  author's  conclusions. 

As  to  the  interpretation  of  facts,  it  will  be  convenient  to  di- 
vide them  into  (a)  megascopic,  and  (b)  microscopic. 

As  to  the  author's  use  of  the  theory  of  "dynamic  metamorph- 
ism,"  we  shall  present  some  considerations  under  the  following 
divisions,  viz:  (a)  dynamic  metamorphism  as  a  theory,  calling 
attention  to  an  essential  difference  betwecD  reconstructive 
metamorphism  and  a  retrogressive  mineral  change  such  as 
shown  by  the  greenstones  and  the  green  schists,  (b)  The 
greenstones  as  a  geological  terrane. 

(a)  MEGASCOPIC  PACTS  NOT  NOTED  OR  MtSiNTliRPHETED  . 
First  and  chiefest  amongst  the  megascopic  facts  here  to  be 
mentioned  is  the  wide  and  almost  universal  stratiform  struc- 
ture which  cdn  be  seen  in  the  greenstones  of  the  lake  Su- 
perior region.  It  is  true  that  the  author  confines  his  discussion 
strictly  to  the  Marquetteand  the  Menominee  regions,  and  is  not 
presumably  responsible  for  facts  that  are  to  be  found  in  other 
parts  of  the  region.  It  is  reasonable,  howe\'er,  that  an  author 
who  draws  broad  conclusions  respecting  a  rock  terrane  which 
extends  over  many  districts,  should  be  held  accountable  to  all 
the  facts  that  may  be  found  characteristic  of  that  terraoe 
throughout  its  extent.  If  the  interpretation  which  he  finds 
sufficient  for  the  facts  in  the  area  which  he  examines  be  not  suf- 
ficient to  cover  the  essential  facts  pertaining  to  the  same  ter- 
rane in  another  part  of  the  region,  his  conclusions  are  faulty 
and  must  be  amended  or  abandoned.  In  this  case  shelter  can- 
not be  taken  from  this  responsibility  by  suggesting  that  the 
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greenstone  schist  belts  of  the  Archean  in  Minnesota,  or  of  Cana- 
da, or  even  of  Europe,  are  possibly  not  in  the  same  stratigraphic 
series,  and  may  therefore  not  have  a  similar  origin  and  history, 
for  the  stratigraphic  place  of  the  Archean  greenstones  here  dis- 
cussed is  well  ascertained,  and  has  been  avouched  to  be  the 
same  not  only  throughout  the  northwestern  states,  but  in 
European  countries  wherever  tbeir  taxonomic  place  has  lately 
been  determined.  They  constitute  the  uppermost  of  the  three 
grand  stratigrapbic  divisions  of  the  Archean."  This  was  in- 
volved in  the  final  conclusion  of  Prof.  Irving  respecting  this 
(Marquette)  region  (p.  19),  and  had  before  been  announced  dis- 
tinctly by  N.  H.  Winchell  for  the  greenstones  of  the  Archean 
in  Minnesota.!  However,  whatever  their  stratigraphic  po- 
sition, or  their  age,  the  scope  of  the  investigation  is  stated  by 
Prof.  Williams  to  be  such  as  "to  discover  if  possible  the  origin 
of  the  greenstone  schists  of  the  lake  Superior  region."  (P.  31). 
This  he  enters  upon,  however,  with  an  evident  preconceived 
determination  to  make  the  investigation  a  contribution  to  the 
metamorphism  of  eruptive  masses.     (P.  30). 

Now  the  general  stratiform  structure  which  these  greenstones 
present,  and  their  evident  megascopic  f  ragmental  character 
can  be  seen  in  many  places  about  Marquette  and  also  quite 
distinctly  at  the  Lower  Quinnesec  falls  on  the  Menominee 
river  Indeed,  Prof.  Williams  himself,  as  noted  by  Prof.  Irv- 
ing in  his  introductory  note  {p.  23),  ascribes  the  most  of  the 
greenstones  of  the  Marquette  area  to  a  "surface  origin,"  as 
contrasted  with  a  deep-seated  irrnptive  origin,  their  original 
condition  havinir  been  that  of  a  volcanic  tuff,  and  Dr.  Wil- 
liams himself  admits  that  the  northern  area  of  greenstone  at 
Marquette  is  of  sedimentary  origin.  In  the  Menominee  area, 
where  these  rocks  are  described  as  exhibiting  little  or  nothing 
that  points  to  sedimentary,  or  surface,  origin,  is  a  large  ex- 
posure of  plainly  fragmental  rock.  This  fact  was  noted  by 
Dr.  M.  E.  Wadsworth  in  a  recent  reportj  in  the  following 
terms: 

Id  this  coonecttoQ  It  ma; be  well  tocorrecta  ver;  striklag error  io  Wll- 
liamB's  work,  Id  wbich  be  describes  tbe  transition  of  eruptive  diabases 
into  sericitfc  schists  at  the  Lower  QuinDesec  falls.  This  error  Is  appar- 
ently due  to  a  failure  to  observe  the  well-marked  conglomeratic  structure 
of  the  rock  on  the  Michigan  aide  of  the  falls,  which  shows  that  the  mala 

•Michel  Lbvv:  3ur  I'orlgine  dea  Mrralns  cHstRUlnB  prlmllHa.  In i.Con g.  Geol.,  1*011- 
don  moetlae,  1888  (iSSl).    Pp.  117-IIB. 
t  BeTenteontb  MInnetioca  Report,  pp.  43-lt. 
t  Report  of  the  State  Board  of  Geological  Survey  of  Mlchigao.  ims,  p.  13S. 
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rock  at  these  falls  is  not  a  massive  eruptive  diabase  or  dlorite,  but  a  por- 
odlte  (an  old  eruptive  ash  or  coDglomerate).  •  *  *  •  Oftiie 
fragmectal  and  conglomeratic  nature  o(  the  rock  no  one  cao  possibly 
doubt  atter  studying  It  on  the  Uichtgan  side,  below  the  falls,  and  theo 
tracing  it  baclc  Into  the  finer-graloed  and  more  compact  part  near  the 
bridge.  So  good  an  observer  as  Williams  could  hardly  have  been  led 
astray  if  he  had  examined  the  whole  ground.  A  similar  mistake  aeems 
to  have  occurred  at  the  upper  Quinnesec  falls. 

Under  the  guidance  of  Dr.  Wadsworth  a  party  of  about 
twenty  geologists,  making  an  excursion  from  the  late  sessions 
of  the  Geological  Society  of  America  and  of  the  Ametican  As- 
sociation for  the  Advancement  of  Science,  at  Madison,  1893. 
visited  and  inspected  the  very  place  to  which  Dr.  Wadsworth 
here  refers.  It  is  perhaps  an  eighth  of  a  mile  below  the  bridge 
(and  the  falls)  on  the  left  banli  of  the  river.  The  trees  have 
been  removed  and  the  rock  is  bare  in  many  places.  Scattered 
through  the  greeostone  are  numerous  pebbles  or  small  bbul 
ders,  mainly  of  a  nature  similar  to  that  of  the  rock  embracing 
them,  but  sometimes  much  more  siliceous.  '  They  are  so  nu- 
merous as  to  be  in  contact.  Rudely  stratified  patches  occur, 
aud  in  one  case  a  considerable  outcrop  of  jaspilitic  silica,  willi 
cloudings  of  color  (red  and  purple),  stands  out  to  view.  There 
seemed  to  be  a  general  concord  with  the  criticism  made  by  Dr. 
Wadsworth.  It  was  quite  evident  that  here  was  a  considerable 
aiea  of  plainly  fragmental  rock  embraced  in  the  greenstone  of 
the  Lower  Quinnesec  falls  Indeed  the  general  appearance, 
not  only  here  but  at  most  points  at  these  falls,  observed  by  the 
writer  on  the  occasion  of  this  visit,  was  not  unlike  many  occur- 
rences which  might  be  referred  to  in  Minnesota.  It  is  simplf 
a  question  of  weight  of  evidence — as  between  the  eruptive 
characters  and  the  fragmental.  Confessedly  Dr.  Williams  did 
not  find  any  characters,  even  microscopic,  of  undoubted  nature. 
in  this  rock  which  would  ally  it  with  certainty  to  the  eruptives. 
But  all  the  indistinct  microscopic  evidence  adduced  can  plausi- 
bly be  explained  on  the  supposition  of  a  fragmental  origin  for 
the  whole.  On  the  other  hand  the  rock  presents,  as  stated 
above,  certain  unmistakable  evidences  of  original  fragmental 
nature.  These  unquestionable  evidences  carry  great  weight 
as  against  certain  hypothetical  microscopic  structures,  which 
can  easily  be  accounted  for  on  the  supposition  of  an  original 
fragmental  origin.  Hence  the  rock  at  the  Lower  Quinnesec 
falls,  or  the  greater  part  of  it,  can  be  classed  with  the  tufa- 
ceous  greenstones  of  the  Marquette  region  which  Dr.  Williaios 
allows  to  have  had  a  sedimentary  origin. 
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In  connection  with  the  interpretation  of  the  megascopic  fea- 
tures of  these  greenstones,  Dr.  Williams  fails  to  note  imjwrtant 
distinctions.  There  are,  a  priori,  various  kinds  of  lamination, 
of  banding,  of  schistose  structure  and  of  foliation,  and  they 
have  different  causes,  but  Dr.  Williams  refers  to  them  all  with 
indifference,  and  assigns  them  all  to  dynamic  pressure  and 
shearing.  The  only  exception  to  this  is  seen  in  the  case  of  the 
"banded  greenstones"  north  of  Marquette.  Here  the  stratifi- 
cation is  so  evident  that  the  author  admits  it  is  a  sedimentary 
structure,  although  it  resembles  in  many  respects,  and  in  its 
intimate  structure  grades  into,  that  banding  and  schistosity 
which  characterize  the  greenstones  in  other  parts  of  the  Mar- 
quette area  regarded  by  the  author  as  of  dynamic  origin. 
Some  of  these  structures  are  certainly  due  to  pressure  and 
shearing,  even  in  the  rocks  at  the  Lower  Quinnesec  falls,  but 
some  of  the  others  are  not.  This  general  confusion,  and  lack 
of  appreciation  of  these  different  structures,  may  be  illustrated 
by  the  use  made  of  the  rock  specimen  figured  on  page  81,  re- 
produced below. 


Great  stress  is  laid  on  the  open  transverse  fissures  or  gashes 
which  appear  as  in  the  figure  on  the  weathering  out  of  some 
of  the  secondary  minerals  on  the  face  of  the  rock  wall  of  the 
"gabbro  ridge"  of  Brooks  (dioryte  ridge  of  Williams),  but  no 
mention   whatever  is  made  of  the  light  colored  band  which 
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extends  entirely  across  the  specimen— as  shown  in  the 
figure.  To  the  eye  of  the  writer  these  gashes  may  be  due  to 
glacial  action  or  even  to  a  later  period  of  dynamic  pressure. 
Similar  gashes  have  been  seen  in  the  t^uartzytes  of  Minnesota.* 
and  Dr.  E.  Andrews  has  seen  somewhat  similar  markings  in  a 
similar  rock  on  the  northeastern  shore  of  lake  Huron-f  Iq 
both  cases  they  were  unhesitatingly  ascribed  to  the  action  of 
glaciers.  However,  whatever  may  be  the  cause  of  these 
"gashes,"  there  seems  to  the  wi-iter  but  little  doubt  as  to  the 
cause  of  the  light-colored  band — it  is  plainly  a  sedimentary  bed, 
and  its  existence  can  be  referred  to  the  action  of  the  ocean 
which  received  presumably,  and  more  or  less  distributed  all  its 
materials  here,  as  well  as  the  pebbles  and  other  fragmental 
material  seen  in  this  rock  a  short  distance  below  the  falls. 

This  light  colored  band  is  certainly  of  the  same  nature  and 
origin  as  other  bands  seen  at  the  Lower  Quinnesec  falls,  attrib- 
uted by  the  author  to  dynamic  sheariug  along  certain  parallel 
planes  within  the  mass  of  the  rock,  and  if  he  would  be  con- 
sistent he  would  be  compelled  to  ascribe  this  band  to  the  same 
cause.  This  explanation,  however,  would  annul  his  argument 
for  the  dynamic  origin  of  the  gEishes,  since  they  stand  at  nearly 
right  angles  m  the  same  rock  mass. 

Some  other  megascopic  characters  which  evince  a  stratified 
sedimentary  condition  for  the  original  rock  are  ascribed  to  frie- 
tional  movement  along  certain  planes  and  not  along  others. 
Indeed  a  plain  banding  which  is  quite  like  that  seen  in  many 
of  the  fine  graywackes  and  slates  into  which  these  greenstones 
gradually  pass  {in  ■other  places),  and  which  is  incontestably  of 
sedimentary  origin,  is  explained  away  as  an  effect  of  dynamic 
pressure  and  shearing  There  is  plainly  a  greater  fineness  of 
^rain,  and  a  greater  supply  of  quartz  in  some  bands  than  in  oth- 
ers, but  this  greatei-  amount  of  quartz,  and  the  coincident 
greater  change  in  the  associated  minerals,  are  attributed  to  a 
greater  activity  of  chemical  change  attendant  on  these  planes 
of  supposed  greater  slipping  in  the  rock-mass.  As  an  instance 
of  the  nature  and  the  use  made  by  the  author  of  the  micro- 
scopic phenomena  to  explain  and  annul  what  by  most  geolo- 
gists would  betaken  as  plain  megascopic  evidence  of  stratifica- 
tion by  sedimentation,  we  give  the  following  extract  from  page 
87.    The  italics  are  the  writer's; 
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Nob.  11004  and  11010,  taken  rrom  either  side  of  the  above  described 
band,  [i.  e.  a  "band  oil  much  lighter  colored  rock"]  represent  somewhat 
schistose  varieties  or  !t,  which  have  been  produced  by  the  action  of  pressure. 
That  this  is  actually  the  case  is  admirably  nhowu  by  a  microscopic  examination. 
The  hornblende  of  the  original  rock  seeras  to  have  passed  completely  Into 
a  very  pale  and  colorless  chlorite.  Saussurite,  on  the  other  hand.  Is  less 
abundantly  developed  than  in  the  more  massive  rock  above  described, 
and  it  is  disposed  in  narrow  veins  or  in  small,  irregular  spots.  The  llme- 
nite  has  given  its  place  to  a  dark  gray  substance  resembling  leucoxene. 
Tbis  is  drawn  out  Id  stringers  rollowing  the  direction  of  the  schlstositv, 
and  In  the  centre  of  these  a  yellow  grain  of  rutile  may  sometimes  be  ob- 
served. Calclte  Is  also  present.  The  structure  of  the  rock  is  completi?ly 
different  from  that  from  which  it  is  supposed  to  have  been  derived.  It  Is 
now  compuRed  largely  of  afine^raiDed  grouod-mass.  Tbis  is  made  up 
of  a  micrugranltic  aggregate  of  minute  grains  of  an  unstrlated  substance 
resembling  quartz  but  which,  from  its  high  specific  gravity,  is  probably 
a  feldspar. 

We  fail  to  see  in  these  chemical  and  microscopic  characters 
a  proof  of  the  application  of  pressure.  If  we  were  to  attempt 
to  explain  them  we  do  not  see  any  difficulty  in  considering  these 
schistose  bands  more  siliceous  and  finer  bands  of  tufaceous  sedi- 
mentary materials.  Being  finer  the  mineral  fragments  were 
more  changed  from  their  originals  prior  to  consolidation  than 
were  the  minerals  of  the  "more  massive  bands";  and  again,  be- 
ing of  finer  grain,  they  took  on  the  slaty  schistosity  under  pres- 
sure more  readily  than  the  coarser  and  more  massive  strata. 
It  is  well  known  that  a  slaty  cleavage,  and  hence  a  schistosity. 
which  is  a  result  of  intersecting  multiple  cleavage,  is  frequently 
developed,  in  sedimentary  graywackes,  in  the  fine- grained 
strata,  but  does  not  appear  in  the  coarser  ones,  although  the 
coarser  ones  must  have  been  subjected  to  the  same  pressure  in 
the  same  directions  and  in  equal  amounts.  The  writer  has  seen 
this  exemplified  in  a  succession  of  layers  made  up  of  materials 
of  differing  fineness.  It  is  a  common  fact  exemplified  in  all  roof- 
ing-slate quarries.  We  also  cannot  understand  why  a  crushing 
or  shearing  pressure,  presumed  by  the  author  in  so  many  in- 
stances to  account  for  a  finer  grain  and  for  a  degradationa) 
change  in  the  concerned  minerals,  would  not.  with  its  predi' 
cated  greater  chemical  activity,  cause  a  chemical  reconstruc- 
tion of  those  minerals  instead  of  a  retrogression.  Nor  is  it 
easy  to  see  how,  under  dynamic  action,  such  crushing  and  slip- 
ping could  be  made  to  pervade  in  some  cases  very  thin  layers 
or  strata  in  the  bulk  of  the  rock,  and  in  others  should  affect 
very  large  thicknesses  (p.  105),  and  that  these  alternating 
coarse  and  fine  kinds  should  be  distinctly  and  persistently  sep- 
arable from  each  other  in  straight  parallel  planes  extending  for 
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many  feet  or  even  many  rods,  and  until  the  exposed  surfaces 
become  hid  fi'om  view.  This  feature  of  Dr.  Williams'  philoso- 
phy, however,  will  be  examined  separately.  We  here  only  al- 
lude to  it  as  it  is  involved  in  his  attempt  to  account  for  some  of 
the  magoscopic  features  by  hypotheses  somewhat  novel  and 
ill-founded.  We  are  aware  that  during  the  last  ten  years  great 
progress  has  been  made  in  deciphering  these  "parallel  strac- 
tures"  of  rocks,  and  in  assigning  them  to  their  causes.  In  this 
progress  it  has  been  shown  that  in  many  instances  "certuu 
parrallel  structures"  have  been  mistaken  for  sedimentary  stmc- 
ture.  Some  extreme  statements  have,  however,  been  made, 
to  the  effect  that  a  parallel  banded  structure  of  differing  com- 
position and  varying  fineness  of  grain  is  rio  evidence  whatever  of 
ail  original  sedimeniary  origin  But  such  wild  affirmatiODs,  in 
the  face  of  a  uniform,  worldwide  experience  and  testimony  to 
the  contrary,  carry  with  themselves  their  own  refutation.  It 
would  hardly  be  more  absurd  to  affirm  that  there  is  no  such 
thingas  a  sedimentary  structure.  It  remains  to  be  seen  whether 
some  of  the  "banding"  which  petrographers  have  ascribed  to 
other  causes  may  not  still  have  been  primarily  of  sedimentary 
origin. 

It  is  a  singular  fact,  and  one  which  is  responsible  for  numerous 
errors  of  observation  and  interpretation,  that  stratification  and 
cleavage  are  frequently,  and  prevailingly,  parallel  in  the  same 
rock  mass.  When  they  cross  each  other,  as  they  do  in  some 
important  areas  in  northeastern  Minnesota,  they  are  seen  to 
diverge  also  in  the  proper  characters  by  which  they  are  separ- 
ately identifiable,  and  each  can  be  fully  described  by  itself.  But 
the  well-nigh  universal  fact  that  they  agree  in  direction  is  a 
significant  index  of  a  certain  common  history,  pointing  to  a 
participation  in  some  common  experiences.  Now  this  direction 
is  usually  broadly  parallel  to  the  ancient  shore-lines  of  the  ad- 
jacent land  areas.  The  increments  of  land  to  the  contjneni 
were  marked  by  pressure  and  upheaval,  which  would  not  only 
be  felt  most  markedly  along  the  previous  lines  of  weakness  in 
the  crust  coincident  with  the  strike  of  the  sedimentation,  but 
would  at  the  same  time  produce  a  parallel  schistosity  in  the 
rocks  so  raised  above  the  sea.  The  latest  of  the  Archean  form- 
ations is  the  Kawishiwin  and,  as  it  shows  both  of  these  struc- 
tures, it  must  have  shared  in  this  common  experience.  In  other 
words,  it  must  have  been  amenable  to  the  same  influences  as  an 
oceanic  terrane,  and  it  must  therefore  have  had  the  widespread 
distribution  of  an  oceanic  terrane  rather  than  the  erratic  and 
restricted  distribution  of  an  irruptive  one.  C\~if~iolp 
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In  the  description  of  the  greenstones  seen  at  the  Lower 
Quinnesec  falls  Dr.  Williams  calls  attention  to  some  patches  of 
porphyritic  rock,  and  he  is  impressed  with  what  he  considers 
an  anomalous  condition  of  these  feldspar  crystals,  viz.,  they 
do  not  show  the  de^rrfidational  change,  to  that  degree  which 
prevails  in  the  rest  of  the  rock.  He  strives  to  accoant  for  this 
in  the  following  way: 

I  know  of  DO  way  of  Intierpretlng  this  phenomenon,  substantiated  by  eo 
many  Id  stances,  except  by  supposing  that  the  pressure  which  acta  pow- 
erfally  la  stimulatiag  chemical  action  In  the  solid  rock,  Is  relieved  In  the 
harder  grains  of  a  crushed  band,  since  these  are  able  to  change  thetr  post- 
tloDS  by  sltppiog  among  the  softer  materials.  *  •  •  The  occur- 
rence of  the  freshest  feldspar  in  the  most  crushed  rock  must  be  regarded 
as  the  rule.    (P.  88.) 

In  another  instance,  in  discussing  certain  acid  rocks  at  Mar- 
quette (p.  150),  the  author  finds  both  quartz  and  feldspar  grains 
in  a  rock  which  has  undergone  such  dynamic  action.  The  for- 
mer is  stretched  and  broken,  but  the  latter  is  fresh,  rigid  and 
unchanged,  and  does  not  show  evidence  of  great  pressure. 
Here  also  the  general  principle  which  abdve  is  found  to  per- 
vade the  greenstones  when  porphyritic,  is  subjected  to  the 
anomalous  hypothesis  that  feldspar  is  more  enduring  under 
pressure  than  quartz.  But  it  is  hard  to  believe  that  the  feldspar 
endured  the  shearing  and  elongating  action  when  the  quartz 
was  thus  crushed.  Under  the  supposition  that  the  large  grains 
were  "able  to  change  their  position  by  slipping  amongst  the 
softer  materials,"  the  query  naturally  arises,  why  could  not 
the  quarts  grains  as  easily  slip  from  their  places  and  avoid  the 
pressure  as  the  angular  feldspar  grains?  It  is  perhaps  more 
probable  that  the  quartzes  were  original  and  that  the  feld- 
spars were  produced  by  the  chemical  action  incident  to  the 
later  dynamic  forces. 

This  porphyritic  structure  at  the  Quinnesec  falls  is  not  com- 
mon. The  mass  of  the  rock  is  destitute  of  it.  Its  fortuitous 
and  limited  occurrence  suggests  that  it  is  not  an  original  struc- 
ture of  the  rock.  A  porphyritic  magma  would  be  likely  to  be 
wholly,  or  at  least  widely,  porphyritic  on  cooling — at  least  if  it 
moved  in  such  quantity  as  to  produce  the  greenstones  of  the 
region.  It  is  hence  reasonable  to  suppose  that  the  chemical 
activities  were  sufficiently  "stimulated"  in  this  greenstone 
mass,  by  the  shearing  movements  to  which  it  has  been  incon- 
testibly  subjected,  after  consolidation,  to  produce  the  sporadic 
porphyritic  areas  which  it  now  manifests.  This  would  allow 
not  only  the  local  partial  recrystallization,  but  would  also  give 
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opportuDity  for  any  later  disturbances  to  fracture  to  some  ex- 
tent the  porphyritic  feldspars,  as  described  by  the  author,  vbile 
still  leaving  them  comparatively  fresh  or  even  building  out 
their  periphyries.  It  would  also  relieve  the  anomaly  of  Bup- 
posing  that  feldspar,  in  some  cases  though  not  in  all,  substan- 
tially remains  intact  under  such  dynamic  action  as  the  author 
appeals  to,  and  it  would,  further,  account  for  the  occurrence  of 
these  porphyritic  feldspars,  which  in  other  places  Dr.  Williams 
seems  to  have  determined  to  be  albite  (pp.  156, 157),prevaihnglr 
in  those  portions  of  the  greenstone  in  which  the  greatest  me- 
chanical effect  is  observable,  viz.,  in  the  fine  and  schistose 
areas.  It  is  to  be  admitted  that  the  author  seems  to  have  de- 
termined these  crystals  ta  be*  of  labradorite.  They  would  he 
expected  to  be  of  albite  if  of  secondary  origin,  and  outwardly 
they  have  a  resemblance  to  albite.  The  physical  characters 
which  the  author  mentions  are  supposed  to  be  diagnostic  of  lab- 
radorite {p.  88).  The  specific  gravity  agrees  with  labradorite. 
and  the  extinction  angles  on  either  side  of  the  twinning  line, 
being  IS''  to  20",  agree  with  those  of  labradorite,  which,  ac- 
cording to  Rosenbusch,  affords  extinction  angles  of  5°  to  27^ 
This  anomalous  preservation  of  feldspars  in  the  midst  of  what 
is  regarded  by  the  author  as  the  most  crushed  and  "metamor- 
phosed" of  the  greenstones,  i.  e.,  in  the  fine  banded  schists  be- 
low the  falls,  is  mentioned  at  several  places.  (See  pp.  92  and  93.) 
The  author  describes  (p.  92)  ellipsoidal,  or  lenticular,  masses 
of  non-schistose  rock  about  which  the  schists  appear  to  wind, 
enclosing  them  entirely.  Although  be  does  not  so  state,  we 
infer  that  the  direction  of  the  fibrous  structure  of  the  schists  is 
constantly  parallel  to  the  outer  surfaces  of  these  ellipsoidal 
masses.  The  writer  has  observed  this  to  be  the  fact  in  several 
instances.  The  author  describes  the  outermost  of  these  en- 
velopes as  a  "typical  chlorite  schist"  in  which  alternating  and 
interlacing  areas  of  pale  green  chlorite  may  be  distinguished 
in  a  fine  quartz-albite  mosaic-  He  takes  these  minerals  to  be 
the  product  of  the  same  mysterious  agent  (dynamic  meta- 
morphism)  which  is  appealed  to  to  explain  a  similar  mosaic  in 
the  banded  schists — the  same  also  as  is  presumed  to  have  caused 
the  parallel  banding  which  has  widely  been  taken  for  sedimen- 
tary structure.  It  appears,  however,  that  there  is  a  curious 
anomaly  in  thus  appealing  to  '  'pressure"  to  produce  such  a  va- 
riety of  effects.  If  pressure  caused  the  parallel  banding  of  the 
adjacent  schists,  as  presumed  by  the  author,  (which  we  hope 
the  reader  wilt  notconfoundwith  schistose  structure),  how  can 
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the  same  pressure  prodace  at  the  same  time  astraight  bandiag 
and  a,  schistoge  structure  which  surrounds  in  parallel  arrange- 
ment the  periphyry  of  a  lenticular  mass  and  not  only  one,  but 
many  lenticular  masses?  Why  should  these  ellipsoidal  cores 
under  the  action  of  pressure  be  seggregated  from  the  mass  and 
surrounded  by  a  finer  rock  arranged  in  schistose  structure  par- 
allel to  their  periphyries,  while  they  themselves  show  no  such 
structure?  They  are  largely  decayed  within,  it  is  true,  and 
have  the  grain  of  the  surrounding  rock  mass  in  general.  The 
mysterious  agent  then  must  have  penetrated  them  thoroughly 
on  the  hypothesis  of  the  author.  It  remains  to  account  for 
this  anomalous  action  of  this  agent.  If,  on  the  other  hand, 
this  be  considered  an  agglomeratic  portion  of  rapidly  accumu- 
lating tufaceous  sediment,  received  into  an  ocean  heated  per- 
haps by  proximity  to  volcanic  vents,  and  it  be  admitted  that  by 
the  solvent  action  of  its  waters  these  sediments  were  changed 
mineralogically  to  about  what  they  now  appear  to  be,  the  finer 
and  more  siliceous  parts  of  the  residue,  after  oceanic  leviga- 
tion  being  allowed  to  lodge  in  the  interstices  between  the 
coarser  masses,  surrounding  them  often  in  shells,  as  it  were,  of 
finer  matenals,  and  then  the  whole  allon  ed  to  consolidate,  and 
to  experience  the  history  which  followed,  what  features,  we 
may  asli,  would  such  a  mass  present  after  some  pressure  and 
stretching,  which  are  not  found  in  this  rock  by  Prof.  Williams? 
The  criticisms  which  have  now,  been  made  of  Prof.  Williams' 
discussion  of  the  megascopic  features  at  the  Lower  Quinnesec 
falls,  may  in  the  main,  be  applied  to  his  discussion  of  the  same 
features  at  the  Upper  Quinnesec  falls,  as  well  as  those  at  Stur- 
geon falls,  for,  as  shown  by  him,  the  regions  examined  have  a 
great  similarity.  The  characters  brought  out  at  the  latter 
place  are  particularly  suggestive  of  fragmental  origin  (p.  71), 
viz:  The  structure  of  the  rock  is  irregularly  granular,  none  of 
the  components  being  in  any  degree  idiomorphic.  Frequent 
and  abrupt  changes  in  the  coarseness  of  the  grain  are  observa- 
ble. Colorless  chlorite  and  zoisite  are  mixed  indiscriminately, 
and  often  a  mosaic  of  quartz -and  epidote,  or  of  quartz  and  al- 
bite,  composes  the  greater  part  of  the  finer-grained  portion  of 
the  rock,  or  of  the  schists  into  which  the  coarser  rock  gradu- 
ates, while  the  fragments  of  feldspar  are  seen  to  be  broken 
and  battered,  and  for  the  most  part  changed  to  sericite  or  cal- 
cite.  These  signs  of  fragmental  origin  we  can  perhaps  attrib- 
ute to  the  powerful  solvent  action  of  the  Archean  ocean.  They 
are  such  as  are  ordinarily  attributed  to  weathering,  when  they 
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are  found  to  characterize,  under  kaowD  mechaaical  and  chem- 
ical exigencies,  rocks  of  this  character  exposed  to  present  at- 
mospheric forces,  and  we  have  no  reason  to  exempt  Archean 
time  from  those  effects  of  atmospheric  action  which  we  are  fa- 
miliar with  at  the  present.* 

Continuing  the  consideration  of  the  magascopic  characters 
which  seem  to  have  been  omitted  or  misinterpreted  by  Dr. 
Williams,  we  may  follow  his  course  of  investigation  from  the 
Menominee  valley  to  the  Marquette  region.  Here  he  divides 
the  greenstone  area  into  four  parts;  the  eastern,  western, 
northern  and  the  Deer  lake  areas.  The  rocbs  of  the  nortbero 
part  of  the  "eastern"  area  are  so  plainly  banded  by  sedimenta- 
tion that  he  concludes  that  they  are  derived  from  volcanic  tuffs. 
The  southern  part,  though  widely  characterized  by  a  fine  almost 
aphanitic  grain  and  by  what  he  designated,  in  the  case  of  the 
Menominee  greenstones, as  "spheroidal  parting,"  and  though  be 
gives  no  description  indicating  how  they  are  related  to  the 
rocks  of  the  northern  part,  he  considers  to  be  altered  eruptive 
rocks.  It  might  be  stated  here  thai  the  two  grade  into  each 
other  by  imperceptible  degrees,  passing  through  a  siliceous  and 
bematitic  phase,  named  Eureka  beds  by  Dr.  Komiger,  in  which 
some  iron  ore  has  been  mined,  all  belonging  to  the  same  green- 
stone series,  and  that  further  west,  on  the  pinching  out  of  the 
siliceous,  or  jaspilyte  band,  the  two  parts  become  indistinguish- 
able, blending  into  one,  in  the  manner  represented  on  the  map  of 
Dr.  Romiger,  and  in  the  manner  in  which  such  jaspilyte  lenses 
rise  and  disappear  along  the  strike  in  the  greenstones  of  Min- 
nesota. Whatever  origin  may  be  assigned  to  the  northern  part 
of  the  Marquette  area,  it  is  difficult,  if  not  impossible,  to  di- 
vorce it  from  the  origin  assignable  to  the  southern. 

■since  the  toresalni;  wtw  wrlttea  Prof.  Williams  has  died.  On  resuming  thlsstodr 
It  iBOur  flrat  Impulse  to  render  to  hla  memory  some  tribute  expressive  of  the  sense  of 
lossTbich,  la  oompaar  wUb  all  AinerlOBu  xeologlsts.  we  experlonm  In  tbe  sadden  de- 
cease Of  one  of  our  number  whenln  the  prime  ot  his  ability  and  MtlTJty.  At38  jeara 
of  age  Dr.  Williams  seemed  Co  promise  many  years  of  active  geological  work.  Hit 
brilliant  career  at  Johns  Hopkins  University  bespoke  lor  tbe  literature  of  AmerlciD 
geology  In  the  near  future  many  and  valuable  contributions  from  his  laboratory. 
Largely  through  hla  energy  have  the  petn^raphlcal  methods  of  Europe,  and  espe- 
cially those  of  Oermauy,  been  Introduced  Into  Am erloa— greatly  to  tbe  enricbment 
of  our  geological  knonledge.  He  was  not  simply  a  petiographer,  butagoologist  at 
broad  culture  and  grasp,  who  was  aa  ready  to  apply  his  microscopic  dAt«  to  queatloaa 
of  greater  scope  aa  he  was  to  discover  tbe  data.  His  oocaslooal  ODntrlbaUons  to  Uw 
geology  of  Maryland  and  of  the  Appalachians  constitute  some  of  tbe  epochal  sups  of 
the  geology  of  eastern  America.  Personally  Dr.  Wlllams  was  of  courteous  and  engaf- 
ing  address,  [irofessiunally  obliging  to  all,  socially  making  friends  of  all  acqtialntan- 
ces,  a  ready  and  rapid  speaker,  a  clear  thinker  and  a  beloved  teacher.  Amerieaii 
geolOff7  has  had  but  ten  bis  peer. 
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The  "western'*  area  of  the  greeostoQe  is  immediately  in  the 
line  of  strike  of  the  southern  part  of  the  -'eastern"  area,  and  is 
continuously  traceable  from  it.  He  also  calls  it  the  Xegaunee 
area.  He  considers  the  greenstones  of  this  area  to  resemble 
those  of  the  southero  part  of  the  Marquette  area.  In  the  very 
center  of  this  area,  however,  he  found  (p.  175)  a  remarkable 
fragmental  rock,  being  a  conglomerate  resembling  the  "slate 
conglomerates"  of  the  Canadian  geologists  and  the  Ogisbke 
conglomerate  of  Minnesota.  Impressed  with  the  evidence  of 
fragmental  origin  he  frankly  acknowledges  that  this  rock, 
whose  extension  in  no  direction  does  he  seem  to  have  traced 
out,  it  is  impossible  to  assign  to  any  other  than  a  fragmental 
origin  and.  although  he  here  finds  the  same  "spheroidal  part 
ing"  as  seen  in  the  greenstones  of  the  northern  Marquette  area, 
and  the  same  kind  of  light-green  aphanitic  greenstone,  he  does 
not  see  any  reason  to  assign  the  two  rocks  to  the  same  cause. 
Nor  does  he  attempt  to  explain  in  what  way  or  at  what  place 
this  fragmental  greenstone  CEin  be  separated  from  the  other 
greenstones  of  the  area.  The  acid  masses  embraced  in  this 
conglomerate  are  supposed  by  Dr.  Williams  to  have  been 
ejected  by  volcanic  explosions  in  the  midst  of  much  basic  ash, 
torn  from  the  ducts  through  which  the  basic  matter  was  dis- 
charged. It  appears  to  the  writer  that  the  existence  of  this 
fragmental  rock  in  this  area  of  greenstone  thus  admitted  by 
Dr.  Williams,  will  be  found  fatal  to  the  principal  conclusion  of 
the  author  touching  the  Negaunee  area,  for  these  conglomer- 
ates have  been  fodhd  to  pervade  the  greenstones  everywhere, 
and  to  fade  out  into  them  on  all  sides. 

The  greenstones  of  the  "northern"  area  are  "striped  and 
banded"  in  the  same  manner  as  those  of  the  northern  part  of 
the  Marquette  area,  and  are  hence  supposed  to  have  been  or- 
iginally volcanic  tuffs.  In  one  of  these,  however,  which  he  still 
seems  Inclined  to  have  considered  a  massive  rock  originally, 
are  porphyritic  crystals  of  hornblende,  recalling  a  green  por- 
phyrite  schist  found  in  northern  Minnesota  which  has  been 
classed  with  fragmental  rocks  after  careful  stndy  by  Dr.  U.  S. 
Grant.*  Indeed,  the  general  tout  ensen^leof  these  green  schis- 
tose rocks  closely  compares  with  those  about  Kekequabic  and 
Fall  lakes  in  Minnesota,  both  of  which  have  been  pronounced 
fragmental  on  microscopic  evidence. 


*  Twenty-Bnt  HiDDesottt  report,  pp.  2B-3T. 


>y  Google 


18  TWENTY -THIBD  ANNUAL  REPOET 

Still  further  west,  itt  the  same  general  belt  of  greenstones  as 
the  Marquette  and  Negaunee  areas,  is  the  .Deer  lake  area. 
Throughout  this  whole  greenstone  belt  is  a  uniformity  of  topo- 
graphy, and  a  constancy  of  outward  lithology  which  implies  to 
the  observant  geologist  a  unity  of  geological  origin  and  stracture 
— a  fact  which  could  also  be  said  to  extend  many  miles  further 
west.  In  the  Deer  lake  area,  to  which  the  author's  attenUon 
was  directed  by  Dr.  Irving,  this  greenstone  contains  many 
fragmental  rounded  forms,  some  of  them  being  felsitic,  but 
most  of  them  of  some  form  of  greenstone.  Here  also,  accord- 
ing to  Irving,  are  indistinct  traces  of  oceanic  sedimentary  struc- 
ture.. Dr.  Williams  styles  these  rocks  "green  schists  aai 
agglomerates,"  and  welcomes  the  fragmental  characters  as  con- 
firmatory of  the  conclusions  he  reached  respecting  the  banded 
greenstones  of  the  northern  part  of  the  Marquette  area,  al- 
though here  the  banded  structure  is  almost  wanting.  Here, 
also,  the  acid  masses  are  thought  by  the  author  to  be  referable 
to  some  volcanic  ejection  by  which  fragments  were  torn  from 
the  walls  of  the  ducts  through  which  the  more  volumnious  basic 
materials  were  discharged. 

It  appears  then  that  the  greenstone  areas  examined  by  Dr. 
Willifuns  have  prevailingly  fragmented  characters.  This  is  ap- 
parent from  the  descriptions  if  not  from  the  general  conclusions 
he  has  given.  The  only  exceptions  are,  (1)  the  Menominee 
area,  and,  (2)  the  southern  part  of  the  eastern  area  at  Mar- 
quette. Still  even  in  the  Menominee  area  he  allows  certain 
portions  to  have  had  a  fragmental  origin,  viz..  at  Four-Foot  falls 
and  at  the  Upper  Twin  falls,  pp.  124,  132. 

He  puts  the  whole  of  the  nor^em  Marquette  area,  the  north- 
em  part  of  the  eastern  area  at  Marquette,  the  Deer  lake  area 
and  a  part  of  the  Negaunee  area  (which  part  cannot  easily  be 
separated  from  the  rest  of  the  Negaunee  area),  amongst  the 
volcanic  tuffs  which  bear  unimpeachable  proofs  of  sedimenta- 
tion, and,  as  has  already  been  stated,  an  important  area  of  evi- 
dently fragmental  rock  occurs  in  the  Menominee  area  at  the 
Lower  Quinnesec  falls,  and  cannot  there  be  distinguished  geo- 
graphically from  the  rest  of  the  Menominee  greenstone-  An- 
other is  reported  by  the  author  at  the  Upper  Twin  falls  (p.  133.) 

To  a  geologist  who  has  traveled  over  these  greenstones  for 
many  miles,  and  for  many  days  of  many  seasons,  this  result  is 
not  at  all  surprising,  for  one  of  their  most  frequently  recurring 
phenomena  is  a  fragmental  and  a  conglomeratic  composition, 
a  feature  which  goes  so  far  sometimes  as  to  make  the  rock 
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change  to  a  siliceous  porodyte  with  little  or  no  trace  of  the 
ferromagnesian  minerals  remaininj^.  It  is  such  fluctuations, 
which  occur  both  gradually  and  sporadically,  that  have  caused 
the  writer,  when  he  has  studied  them  in  the  field,  to  doubt  the 
original  massive  character  of  any  of  them.  It  is  hard  to  under- 
stand how  such  wide-spread  fragmental  characters  could  per- 
vade a  great  formation,  and  yet  that  it  could  be  properly  classed 
broadly  as  an  original  massive  rock  changed  to  its  present 
features  by  subsequent  metamorphlsm.  Instead  of  throwing 
the  burden  of  proof,  as  to  origin,  upon  the  fragmental  theory, 
when  the  megascopic  characters  become  uncertain,  with  an  as- 
sumption in  favor  of  the  irruptive  theory,  it  seems  to  the  writer 
that  this  burden  lies  upon  the  advocates  of  the  irruptive  hy- 
pothesis, and  that  the  preponderance  of  evidence,  from  a  meg- 
ascopic point  of  view,  is  strongly  in  favor  of  a  sedimentary 
origin  of  all  such  ambiguous  greenstones. 

In  further  discussion  of  the  megascopic  characters  it  is  nee 
cessary  to  call  attention  to  the  confusion  into  which  Dr.  Wil- 
liams seems  to  have  fallen  in  the  use  of  terms  denoting  mega- 
scopic structurea  The  writer  has  elsewhere*  called  attention 
to  the  variety  of  structures  which  are  found  in  the  crystalline 
massive  rocfas,  and  to  the  necessity  of  clear  definitions  for  the 
terms  applied  to  them.  It  is  when  clear  ideas  of  these  struc- 
tures and  their  possible  causes  do  not  exist  in  the  mind  of  the 
geologist  that  he  is  led  to  generalizations  which  embrace  them 
all,  or  several  of  them,  incorrectly.  The  point  of  view  from 
which  he  approaches  their  discussion  also  inclines  him  favor- 
ably toward  the  abandonment  of  distinctions  which  ought  to  be 
carefully  noticed.  These  truths  are  exemplified  by  some  of  the 
sentences  of  this  bulletin.     The  following  may  be  noted: 

On  p.  168  dykes  are  called  "bands"  of  coarser  materials. 

On  p.  192  the  coarser  layers  of  what  some  have  considered 
sedimentary  stratification  are  called  "bands." 

On  p.  171  et  passim,  a  schistose  structure  is  called  a  "folia- 
tion. " 

On  p.  179  a  slaty  cleavage  is  called  a  foliation.  See  also  p. 
202. 

On  p.  179  a  quarzyte  lying  between  two  conglomerates  and 
dipping  steeply  in  conformity  with  them  towai^  the  south,  is 
denied  the  structure  of  stratification  and  is  said  rather  to  be 
'  'foliated"  by  pressure. 

•  Ttrentleth  Report  ot  the  UtDoesota  Survey."  Tbe  crystaUlue  rocks:  some  ptellml- 
nary  coDii derations  as  to  thelrHtruotures  and  orEgtn."    IBSl  (1808). 
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On  p.  110  a  banded  structure,  consisting  ot  gneiss  alternat- 
ing with  green  schist,,  is  described,  and  a  distinction  is  drawn 
between  it  and  a  schistose  structure  which  is  scud  to  sometimes 
pervade  the  gneiss.  But  on  p.  HO  the  banded  structure  and 
the  schistose  are  confounded  in  one  sentence  as  the  same, 
and  due  to  the  same  cause,  viz. , '  'The  schistose  or  banded  stmc- 
ture  of  these  rocks,  when  such  exists,  is  a  secondary  featnre, 
produced  by  the  same  dynamic  agencies  which  rendered  the 
greenstones  themselves  schistose."  The  shifting  of  the  name 
here,  however,  does  not  destroy  the  sense.  It  only  shows  a 
looeeness  of  the  use  of  these  terms.  Many  such  cases  could  be 
pointed  out,  viz,  pp.  40,  44,  45,  82. 

Is  manyplaces  the  term  "parallel  arrangement"  is  employed. 
It  seems  to  be  applicable  to  various  structures,  and  is  made  to 
cover  several.  On  p.  149-50  it  is  used  to  express  the  arrange- 
ment of  new  crystallization  products  which  give  rise  to  a 
gneissic  or  "flaser"  structure,  produced  by  pressure.  On  p. 
157  it  indicates  the  disposition  of  microscopic  hornblendes.  On 
the  other  hand,  it  is  applied  to  many  macro-siaructures,  and  in 
some  cases  without  definition.  It  is  obvious  that  in  manysnch 
cases  the  reader  is  wholly  at  a  loss  to  comprehend  the  idea 
designed  to  be  conveyed  by  the  author  when  it  is  not  defined 
in  the  context.  This  seems  to  indicate  that  all,  or  nearly  all. 
the  "parallel"  arrangements  are  assignable,  in  the  mind  of  the 
author,  to  the  same  cause,  and  that  it  matters  little  whether 
the  specific  structure  under  consideration  be  defined  carefully 
or  not.  Nothing  will  illustrate  this  more  completely  than  a 
single  quotation.  On  p.  201  the  author  gives  his  idea  of  macro- 
structural  metamorphism,  and  says: 

This  embraces  all  modifli^tloDs  in  the  structure  of  the  massive  rocks 
produced  by  dyDamic  agencies  aad  plainly  visible  to  the  unaided  ey<^. 
Such  changes  consist,  for  the  must  part,  Id  the  production  of  a  banding, 
foliation,  or  Bchistoae  structure  which  tend  to  malce  the  eruptive  rocks 
resemble  stratified  deposits.  They  are  a  secondary  feature  and  must  be 
correlated  with  the  slaty  cleavage,  not  with  the  original  tveddlog  ofsedL 
mentn. 

The  author  lays  great  stress  on  the  occasional  divergence 
of  the  schistose  bands,  which  appear  in  the  greenstones  at  the 
Upper  Twin  falls  (p.  132),  from  the  normal  and  usual  direction 
for  the  region,  and  argues  from  this  divergence  that  the  band- 
ing cannot  be  due  to  sedimentary  structure.  He  infers  there- 
fore that  it  must  have  been  due  to  crashing  pressure  acting 
locally  in  different  directions  and  that  no  part  of  the  banding 
seen  there,  however  much  it  resembles  that  banding  at  Mar- 
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quette  which  he  acknowledir^s  is  caused  by  seditneiitation,  can 
be  referred  to  sedimentary  action-  But  this  argument  would 
prove  too  much,  for  it  can  be  applied  to  all  parts  of  the  green- 
stone terrane.  There  is  nothing  more  evident  in  the  green- 
stones in  the  region  of  Tower,  Minnesota,  than  the  divergence 
of  sedimentation  banding  from  the  normal  direction  there  prev- 
alent. This  is  eo  common  that  it  involves  not  only  the  green 
schists  but  the  sericitic  schists  and  the  graywackes  and  jaspi- 
lytes, — and  even  the  argillitic  slates  into  which  the  chloritic 
schists  gradually  pass.  Some  years  ago  the  writer  employed 
this  common  fact  to  disprove  the  eruptive  origin  of  the  jaspi- 
lytes  at  Tower.*  Such  sudden  divergences  of  the  jaspityte- 
beds  from  the  prevailing  direction  had  been  presumed  to  prove 
the  eruptive  origin  of  the  jaspilyte.  On  the  contrary  it  was 
found  that,  along  with  all  the  sedimentary  rocks  of  the  vicinity 
the  jaspilyte  had  been  broken,  and  the  several  strata  had  been 
thrust  amongst  the  neighboring  beds  and  made  to  hold  various 
angles  with  the  direction  of  the  prevalent  strike.  Such  fea- 
tures were  illustrated  in  the  report  referred  to.  They  proved, 
on  the  argument  appealed  to  for  the  jaspilyte.  that  the  argil- 
lytes  and  the  graywackes  must  also  have  had  an  eruptive  origin, 
thus  reducing  the  argument  to  an  absurdity.  This  considera- 
tion taken  with  the  discovery  made  by  Dr.  Williams  and  reported 
by  him  on  p.  133,  that  one  of  these  bands  showing  such  contrast 
at  the  Upper  Twin  falls  was  made  up  of  fragmental  materials, 
certainly  goes  far  toward  putting  a  negative  upon  the  general 
conclusion  of  the  author  as  to  the  nature  of  these  dne-grained 
bands. 

Before  closing  the  discussion  of  the  megascopic  evidence 
brought  forward  by  the  author,  it  may  be  profitable  to  present 
in  a  summary  form  the  results  that  seem  to  be  derivable  from 
this  part  of  the  examination.  Employing  only  the  facts  and 
interpretations  which  are  presented  in  the  bulletin,  the  two 
kinds  of  rocks  described  by  the  author,  i.  e.,  those  that  he  pre- 
sumes to  have  been  massive  and  those  which  be  finds  to  have 
been  fragmental,  are  found  to  exhibit  the  following  features  in 
common.  This  comparison  is  not  intended  to  involve  those  in- 
trusive rocks,  of  later  date  than  the  greenstone  formation, 
which  are  found  everywhere  amongst  the  Archean  terranes, 
and  which  the  author  also  describes  In  this  bulletin.  Only  one 
acquainted  with  the  region  can  distinguish,  sometimes,  whethei 
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the  author  has  in  hand  one  of  these  later  intrusives  or  one  of 
the  original  greenstones,  for  the  field  evidence  is  frequently  de- 
fective. 

Common  megascopic  characters. 

They  both  show  a  handed  structure  which  constitutes  an  ap- 
parent stratification.    Pp.  97,  125,  164;  pp.  133,  154.  185. 

They  show  the  same  direction  of  strike  and  of  schistosily. 
Pp.  110,  129;  p.  154. 

In  both  the  coarser  bands  grade  imperceptibly  into  the  finer, 
P.  75;  p.  176. 

They  both  have  a  parallel  structure  in  all  their  parts,  both 
macroscopic  and  microscopic,  which  runs  uniformly  in  the 
same  direction,  on  a  broad  scale,  for  any  certain  place,  but  oc- 
casionally hands  of  schistose  finer  material  are  seen  in  each 
to  diverge  somewhat  from  the  normal  direction.  Pp.  129, 132, 
203;  pp.  156,  186  (Irving). 

They  both  graduate  into  silvery  hydrons  schists .  P.  IK; 
pp.  177,  190. 

They  both  appear  in  the  form  of  massive  aphanitic  green- 
stones.    P.  164;  p.  176. 

They  both  appear  as  massive  granular  greenstones.  Pp.  77. 
84,  126;  p.  155. 

In  both  the  alternation  of  lighter  and  darker  bands  is  due  to 
the  preponderance  of  calcite  and  chlorite,  and  sometimes  of 
quartz  and  epidote.  in  the  lighter  bands.    P.  75;  p.  156. 

In  both  the  structure  of  the  rock  may  be  irregularly  granular, 
none  of  the  components  being  in  any  degree  idiomorphic,  with 
frequent  and  abrupt  changes  in  the  coarseness  of  the  grain- 
Pp.  68,  71;  pp.  176,187.      . 

In  both  there  is  an  absence  of  amygdaloidal  structure.  The 
only  amygdaloidal  rock  mentioned  is  11746,  occurring  near 
Baldwin's  kilns,  in  a  "well  marked  dike"     P.  174;  p.  201. 

They  both  show  the  peculiar  "spheroidal  parting."  P- 168'. 
p.  177. 

They  are  sometimes  entirely  destitute  of  characters  that 
point  to  an  eruptive  origin.     Pp.  74.  156,  164;  pp.  154,  158, 

They  sometimes  manifest  clearly  certain  proofs  or  signs  of 
sedimentary  origin.     P.  133;  pp.  176,  188. 

In  the  field  they  cannot  be  separated  geographically. 

It  may  be  questioned  reasonably  whether  the  rocks  of 
such  marked  characters,  showing  such  macroscopic  resem- 
blances and  such  close  relations,    stratigraphic  as  well  a^ 
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geographic,  can  be  said  to  have  separate  origins.  Cer- 
tainly on  the  heisifi  of  magascopic  characters,  even  when  re- 
ported by  a  geologist  who  entered  the  field  with  an  avowed 
leaning  (p.  31)  toward  the  eruptive  hypothesis,  and  even  reach- 
es a  contrary  general  result,  the  evidence  of  sedimentary,  or  at 
least  a  fragmental,  origin  greatly  preponderates. 

This  bulletin  was  written  under  the  guidance  of  the  view  of 
Prof.  Irving  that  the  iron  ores  at  Marquette  and  at  Menominee 
are  all  in  one  aad  the  same  formation,  and  that  none  of  the  ore 
at  those  places  is  embraced  within  the  greenstones.  Since 
then  it  has  been  admitted  by  the  geologists  of  the  U.  S.  Geol. 
survey  that  the  distinctions  made  out  in  Minnesota  are  observ- 
able in  Michigan,  and  hence  one  ore  horizon  is  much  lower 
than  the  other,  and  is,  indeed,  involved,  as  in  Minnesota,  with 
these  greenstones.  This  misconception  of  the  geologic  rela- 
tations  of  the  Michigan  ore  bodies  is  responsible  for  some  of 
the  errors  into  which  the  author  has  fallen.  For  instance,  he 
has  supposed  the  Eureka  iron  ore  near  Marquette  to  belong  to 
the  later  "iron  bearing"  strata  of  the  region  of  Negaunee, 
and  excludes  it  from  the  greenstones,  while  actually  it 
is  a  lens  of  jasper  and  impure  hematite  within  the  greenstones, 
shading  into  novaculytes,  east  and  west,  in  a  manner 
similar  to  hundreds  that  occur  in  Minnesota.  Again,  the 
fragmental  chloritie  slates  which  occur  below  the  Pour-Foot 
falls  in  the  Menominee  area  are  excluded  from  the  green- 
stones on  the  hypothesis  that  they  belong  to  the  iron- 
bearing  detrital  rocks,  although  there  is  no  structural  evidence 
to  show  it,  but  rather  everything  indicates  that  they  are  a  phase 
of  the  green  schists  that  prevail  in  the  region.  The  Wisconsin 
survey  sheets  xrviii  and  xxix  indicate  that  these  chlorite  slates 
are  in  the  same  formation  as  the  greenstones.  Again,  the 
greenstone  knobs  about  Negaunee,  which  certainly  are  outliers 
of  the  main  greecstone  beiti  rising  in  the  midst  of  the  later 
iron-bearing  rocks  which  lie,non-conformably  upon  their  slopes, 
are  thought  by  Dr.  Williams  to  be  of  the  nature  of  the  later  in- 
trnsives  and  comparable  to  the  diabase  dikes  which  cut  Light- 
house point.  The  correction  of  these  misconceptions  obviously 
involves  important  changes  in  the  conclusions  reached  by  the 
author  as  to  the  derivation  and  geologic  history  of  some  of  the 
rock  masses  he  has  discussed. 
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(b).  MICROSCOPICAL  FACTS. 
In  this  examination  of  the  microscopical  facts  reported  by  Dr. 
Williams  we  shall  simply  collate  them  as  he  has  determined 
them,  without  calling  in  question  their  actuality.  In  case  we 
find  reason  to  ascribe  to  them  difFerent  signiBcance,  and  hence 
to  give  them  different  interpretation,  we  shall  do  it  with  great 
deference  to  the  learning  and  skill  of  the  author.  The  writer 
has  elsewhere  insisted  on  the  subordination  of  microscopic  evi- 
dence to  field  evidence,  and  on  the  necessity  of  finding  some 
middle  ground  on  which  the  opposite  testimony  of  these  two 
methods  of  research  whenever  they  seem  to  be  contradictory, 
can  find  free  and  consistent  standing,*  since  one  natural  tonth 
when  correctly  understood  cannot  clash  with  another. 

One  of  the  most  important  and  remarkable  of  the  microscop- 
ical facts  reported  by  the  author  relates  to  the  feldspars.  Not- 
withstanding the  advanced  state  of  decay  which  the  old  greeo- 
stones  uniformly  exhibit,  the  feldspars  are  found,  even  in  Uie 
most  schistose  and  "crushed"  parts  of  the  rock,  to  be  retaark- 
ably  fresh.  In  nuifierous  instances  the  author  suggests  that 
they  look  like  fresh  crystallizations;  indeed,  as  has  already 
been  stated,  he  deduces  a  rule  that  the  freshest  feldspars  art 
found  in  the  moat  crushed  rock.  At  the  same  time  he  finds  in  tie 
same  rock,  or  the  same  kind  of  rock  taken  at  other  places,  that 
the  feldspar  grains  have  suffered  remarkable  distortion  and 
destruction  under  the  action  of  the  same  mysterious  dynamic 
forces.  Although  he  suggests  In  several  instances  that  the 
former  may  be  "new  crystallizations,"  and  even  concludes  that 
the  albtte  feldspar  of  the  saussurite  masses  is  a  new  crystalliza- 
tion (p.  158),  it  appear  that  he  does  not  adopt  what  seems  to 
be  the  most  reasonable  explanation  of  this  anomalous  action  of 
the  feldspars  of  these  rocks.  He  passes  the  fact  as  unezpliun- 
able,  except  on  the  hypothesis  that  the  feldspars  may  have  been 
able  "by  slipping"  to  adjust  themselves  to  the  pressure  and 
thus  to  avoid  crushing.  Why  the  quartzes,  which  appear  be- 
side the  feldspars,  could  not  have  slipped,  and  escaped  the  ef- 
fects of  the  pressure  equally  as  well  as  the  feldspars  he  does 
not  explain.  They,  on  the  contrary,  have  been  distorted,  and 
sometimes  show  a  peripheral  granulation.  Why  other  feld- 
spars, in  some  such  cases,  should  have  been  crushed  more  than 
the  quartzes,  is  another  anomaly  which  is  left  unexplained. 
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These  curious  freaks  of  the  mysterious  agent  appealed  to  by 
the  author  (dynamic  metamorphism)  to  account  for  the  present 
condition  of  the  minerals  of  these  rocks  on  the  hypothesis  of 
their  having  been  massive  eruptive  rocks,  may  be.  perhaps,  un- 
derstood better  if  the  hypothesis  be  abandoned,  and  they  be  ex- 
amined from  the  same  standpoint  as  that  from  which  the  banded 
irreenstones  of  the  Marquette  area  are  studied,  viz.,  that  of 
fragmental  basic  tuff.  In  such  an  oceanic  terrane  there  would 
be  of  course,  primarily,  all  the  elements  of  a  diabase,  including 
feldspars,  fragmental  and  entire.  These  would  graduate  sec- 
ondly, into  true  erosion  sediments,  at  distant  points,  or  un- 
der favorable  conditions  at  near  points,  but  would  accumulate 
rapidly  and  be  consolidated  in  great  masses  at  those  points 
favorably  situated  for  their  preservation.  In  all  cases  they 
would  be  likely  to  show  the  effect  of  oceanic  levigation,  and  all 
their  minerals  would  take  on  more  or  leas  of  the  effects  of  at- 
mospheric degradation,  such  changes  being  effected  mainly 
l>rior  to  consolidation.  Subsequently,  on  the  application  of 
pressure  and  shearing,  accompanied  by  heat  and  by  the  tilting 
which  has  brought  all  the  Archean  rocks  to  a  a  position  of  ver- 
ticality,  the  orifinal  feldspars  were  crushed  and  stretched, 
and  many  new  crystallizations  were  promoted.  This  changed 
the  semi-decayed  minerals  of  the  original  oceanic  tuff  into  re- 
constructed forms.  The  feldspars  were  surrounded,  under  new 
environments,  by  fresh  rims  or  enlargements,  or  entirely  new 
crystals  were  generated,  the  hornblendes  extended  their  limits, 
the  chlorites  and  micas  were  strengthened  in  their  chemical 
integrity  and  perhaps  converted  to  biotite,  and  the  leucozene 
rim  of  the  menaccanite  gave  off  sphene  and  rutile  needles. 
These  reconstructional  changes  can  be  legitimately  ascribed  to 
dynamic  metamorphism,  and  if  so  explained  and  if  the  decayed 
appearances  exhibited  be  considered  as  the  effects  of  oceanic 
weathering  in  Archean  time,  the  argument  of  the  author,  or 
so  much  of  it  as  would  remain,  would  be  relieved  of  all  these 
anomalies.  The  feldspars  which  are  crushed  and  faded  so  as 
to  "lose  their  outlines  in  the  surrounding  matrix"  are  probably 
the  products  of  the  old  volcanic  outbursts,  original  parts  of  the 
basic  tuffs.  Those  which  are  fresh,  or  have  fresh  rims  sur- 
rounding a  decayed  interior,  may  be  of  later  date,  as  shown  by 
Van  Hise  for  certain  feldspars  of  the  Keweenawan  sandstones.* 
At  any  rate  in  the  absence  of  a  demonstration  for  either  hy- 
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pothesis  this  would  obviate  some  dlfBcuities,  and  is  more  rea- 
sonable than  to  ascribe  all  these  contrary  changes  to  a  single 
force.  It  would,  moreover,  allow  the  megascopic  characters 
to  maintain  their  legitimate  significance,  paramount  to  the  mi- 
croscopic, and  there  would  be  no  conflict  in  their  interpretation. 
The  coarser  tuffs,  less  reduced  by  levigation,  would  thus  be 
given  the  semi-crystalline  resemblance  to  original  diabase  which 
the  author  descril>es;  for  they  doubtless  took  on.  like  some 
limestones  of  Paleozoic  age.  a  crystalline  texture  which  oblit- 
erates, through  great  thicknesses,  their  original  sedimentary 
features. 

As  with  the  megascopic,  characters  the  microscopic  features 
afford  sugj^estions  of  massive  structures,  but  the  evidence  is 
seldom  or  never  clear  and  convincing.  The  evidence  of  frag- 
mental  origin,  on  the  other  hand,  while  in  some  cases  defective, 
ts  sometimes  undeniable  and  is  acknowledged  by  Dr.  Williams, 
even  for  specimens  taken  from  the  very  midst  of  rock  which 
he  concludes  from  other  specimens  to  have  been  a  massive 
eruptive  (p.  133).  How  a  massive  basic  rock,  which  must  have 
cooled  at  considerable  depth  below  the  surface,  can  be  said  to 
show  in  places  immediately  adjacent,  evidence  of  f  ragmental 
origin,  is  one  of  the  difficulties  of  the  argument  which  Dr.  Wil- 
liams does  not  attempt  to  explain,  except  by  the  statement  that 
the  fragmental  rock  mu^t  be  considered  to  be  of  the  nature  of 
diabase  tuff — which  is  no  explanation  at  all,  since  it  requires  a 
deep-seated  rock  to  be  cotemporaneously  in  contact  with  an 
effusive  eruptive  one.  If  it  be  presumed  that  the  diabase  was 
also  a  surface  eruptive  rock,  it  may  be  answered  that  it  should 
show  some  evidence  of  it,  such  as  amygdaloidal  structure  or  a 
layering  characteristic  of  surface  flows.  Such  features,  how- 
ever, have  not  been  reported,  although  it  cannot  be  questioned 
that  occasional  liquid  eruptions  must  have  occurred  as  accom- 
paniments of  the  ejection  of  volcanic  ash.  What  effect  may 
have  been  produced  on  them  by  contact  with  the  abounding 
oceanic  waters  of  the  time,  is  not  certain,  nor  apropos  at  this 
point.  The  consolidation  of  tuffs  may  be  so  perfect  as  to  ren- 
der the  resultant  rock  indistinguishable  from  an  ori^nally 
massive  rock. 

It  will  be  well  to  summarize  as  follows  the  statements  of  the 
bulletin  bearing  on  ibe  microscopic  characters  which  are  the 
same  in  the  admittedly  fragmental  rocks  and  in  those  which 
the  author  supposes  to  have  been  originally  massive  but  are 
now  "schistose."    This  covers  the  crucial  point  of  the  argn- 
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ment,  for,  if  the  "schistose"  rocks  interbedded  with  the  mas- 
sive layers,  can  be  shown  to  be  either  f  ragmental  or  modified 
massive  formations,  the  coarser  ones,  whatever  the  testimony 
of  the  microscope,  must  be  of  the  same  origin.  We  collate, 
therefore,  as  with  the  magrascopic  characters,  those  micro- 
scopic features  which  the  author  ascribes  to  both,  with  page 
references  to  the  bulletin. 

0(/mrn,(m  Jiiicroscopic  characters. 

The  chemical  and  microscopic  characters  of  these  schists 
(the  banded  schists  at  Marquette)  agree  closely  with  those  of 
the  associated  massive  greenstones.     Pp.  151,  158. 

Mineralogically  they  are  now  identical.     P.  158. 

They  both  show  occasionally  lath-shaped  feldspar  crystals 
like  those  of  the  diabase  feldspars.     Pp.  98,  163;  p.  155. 

They  both  show  the  development  of  albite  feldspars,  both 
porphyritically  and  in  a  sanssurite,  quartz-albite  mosaic.  Pp. 
68,  78,  209;  pp.  155,  157,  et  passim. 

Both  show  the  "peculiar"  action  of  feldspar,  in  that  the  fresh- 
est feldspar  is  found  in  the  most  pressed  and  stretched  rock. 
Pp.  93,  103,  157;  pp.  177,  187. 

They  botfa,  when  "schistose,"  have  a  matrix  of  quartz,  chlor- 
ite and  calcite,  with  leucoxene  and  feldspara  Pp.  131,  132; 
pp.  155,  176. 

They  both  contain  striated,  often  lath-shaped  feldspars, 
round  which  chlorite  scales  are  seen  to  shape  themselves  in 
sinuous  adjustment  to  the  forms  of  the  feldspar.    P.  75;  p.  176. 

In  both  the  feldspars  are  sometimes  so  altered  that  they 
seem  to  grade  imperceptibly  into  the  matrix  (original  feld- 
spars).    Pp.  73,  74,  81,  98;  pp.  177,  187. 

In  both  the  feldspars  are  sometimes  fresher  than  the  quartz, 
and  suggest  new  crystallizations  (secondary  feldspars).  Pp. 
78.  88,  112;  pp.  156,  187. 

They  both  contain  crystals  of  tonrmaliue.     P.  200;  p.  124. 

[Note.  The  only  observed  instances  of  tourmaline  being 
noted  by  Dr.  Williams  in  what  he  considers  a  modified  basic 
emptive  rock  are  on  pages  132  and  200.  In  the  latter  it  is  re- 
ferred to  rock  No.  11064,  which  he  styles  hornf els.  There  is 
no  description  of  this  rock.  It  is  not  mentioned  where  the 
author  describes  the  associated  numbers,  on  pages  104  and  105. 
Nos.  11062  and  11063  are  likewise  omitted.  It  is  evident,  how- 
ever.from  the  context  that  these  omitted  numbers  were  collected 
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in  the  same  place  and  from  the  same  rock,  in  general,  as  Nos. 
11061  and  11065,  both  of  which  are  fully  described  and  consid- 
ered examples  of  sheared  gabble  The  other  instance  is 
mentioned  on  page  132  (No.  11139)  when  a  chlorite  slate,  siud 
to  be  one  of  the  '  'most  altered"  rocks  of  the  Lower  Twin  falls, 
contains  abundant  sharply  defined  crystals  of  tourmaliDe]. 

They  both  show,  in  general  terms,  a  degradational  change 
rather  than  a  reconstructional  one;  that  is,  tbey  show  one  that 
is  attributable  to  the  entrance  of  atmospheric  agents.  Pp.  81, 
91,  93;  pp.  156,  184.  187. 

In  both,  the  essential  composition  is  fibrous  green  hornblende, 
quartz,  epidote,  zoisite  and  chlorite.  P.  154. 

In  both  the  hornblendes  sometimes  show  tuffted  ends,  sug- 
gesting, according  to  Van  Hise,  new  growths,  or,  according  to 
the  author,  a  fraying  out  by  some  mechanical  force  which  has 
broken  and  separated  the  lamellre.     P.  107;  p.  155. 

Both  contain  quartz,  both  primary  and  secondary.  Pp.  81, 
210;  p.  155. 

Both  consist  essentially  of  the  decayed  and  battered  minerals 
of  diabase.     P.  68;  p.  155 

There  is  certainly  nothing  in  the  microscopic  evidence  that 
indicates  different  origins  for  these  rocks.  That  is  admitted  by 
the  author.  It  is  apparent,  therefore,  that  the  author  relied  od 
megascopic  features,  which,  as  has  been  shown,  preponderates 
in  favor  of  fragmental  origin.  If  that  origin  be  allowed  for  the 
"schistose"  belts,  which  we  prefer  to  call  sedimentary  beds  of 
finer  materials,  it  will  involve  all  the  coarser  beds  which  are 
plainly  interbedded  with  the  schistose,  and  will  leave  for  the 
undoubted  eruptive  portions  of  the  greenstones  but  a  ver}' 
small  moiety;  .these  perhaps  may  yet  be  detected  and  fully  dis- 
tinguished. 

The  author  sums  up  his  views  respecting  the  aphanitic  green- 
stones of  the  southern  Marquette  area  as  follows,  on  p.  165: 

The  history  of  the  schistose  greenstones  must  be  deciphered  with  the 
conjoint  evidence  afforded  by  the  microscope,  and  a  study  of  their  rela- 
tions in  the  Held.  The  occasional  survival  of  the  characteristic  diabase 
structure,  even  In  some  of  the  more  foliated  forms,  taken  in  connection 
with  their  evident  Identity  with  and  gradual  transition  into  the  massrte 
varieties,  appears  to  be  sufflctent  proof  that,  with  the  exception  of  cer- 
tain uDimportaut  tuff  deposits,  these  green  schists  have  been  derlfed 
from  basic  eruptlves  through  the  agency  of  the  Intense  mechanical  and 
chemical  action. 

This  might  be  paraphrased  as  follows,  and  still  would  not  be 
in  contravention  of  the  evidence: 
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The  history  of  these  massive  varieties  of  greeDstone,  especially  the 
aphanitic  ones,  must  be  deciphered  with  the  coDjoint  evidence  afForded 
by  the  microscope  and  a  study  of  their  relations  in  the  field.  The  occa- 
sional survival  of  uomistakable  tuff-stnicture,  and  of  "slaty  bands  travera- 
loff  the  massive  greenstonea,"  even  though  exhibiting  unfmportaot  ac- 
quired resemblances  to  an  original  diabase-structure,  taken  in  connection 
with  their  evident  identity  with  and  gradual  transition  into  less  foliated 
forms,  appears  to  be  sufficient  proof  that,  with  the  exception  of  certain 
unimportant  and  undoubted  eruptive  masses,  some  of  which  may  i:ave 
been  of  later  date  than  the  main  body  of  schists,  these  greenstones  have 
been  derived  from  basic  tuff  deposits  through  the  agency  of  Intense  pres- 
sure which  developed  sometimea  a  mechancal  and,  more  rarely,  a  chemic- 
al effect. 

GENERAL  CONSIDERATIONS, 
(a)     Dyriamie  metamorphiam  as  a  theory. 

The  eruptive  basic  rocks,  .or  their  tufEs.  with  which  this  bul- 
letin has  to  do,  were  produced  in  their  original  conditioQ.  by 
dry  fusion,  in  the  natural  laboratories  of  the  earth.  Some  of 
them  have  been  reproduced  artificially  by  Messrs.  Fouqu6  and 
Michel-L^vy.*  They  must  therefore  have  exhibited  at  first 
the  most  ultra  crystalline  condition  which  such  elements  can 
be  supposed  to  be  susceptible  of.  Any  change  which  they 
might  suffer  could  only  be  brought  about  by  the  action  of  some 
force  which  would  loosen  the  high  chemical  tension  in  which  ' 
their  atoms  may  have  been  placed  by  the  process  of  cooling 
from  dry  f  nsion.  Such  change  could  only  be  brought  at>out  by  - 
the  access  of  atmospheric  elements,  consequent  on  some  of  the  ' 
natural  vicissitudes  of  eruption.  At  once  on  the  access  of  at- 
mospheric agents,  or  on  the  subjection  of  these  mineral  com- 
pounds to  other  physical  surroundings,  a  degradational  change 
must  have  been  started.  No  other  change  would  be  possible. 
Whether  this  change  began  immediately  after  ejection  as 
volcanic  matter,  or  before  ejection,  but  after  the  magma 
came  within  reach  of  surface  infiuences,  such  as  aqueous 
vapor  or  lessened  pressure,  it  was  still  a  descending  pro- 
cess, one  which,  when  continued  and  completed,  would  fin- 
ally reduce  the  minerals  to  an  oxidized  powder  fit  for 
mingling  with  the  ordinary  sediments  of  erosion.  This, 
however,  cannot  be  called  metamorphism,  as  that  term  is 
defined  and  used.  It  is  essentially  a  weathering  process, 
although  "weathering"  is  not  usually  supposed  to  be- 
gin before  the  rock  is  solidified  and  exposed  to  the  ordinary 
action  of  the  atmosphere.   All  upheaval,  all  crushing,  or  shear- 
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ing  or  simple  pressure,  in  so  far  as  they  facilitate  the  approach 
of  atmospheric  agents  to  the  rocks  affected,  serve  as  means  of 
degradatiooal  change.  In  so  far  as  they  produce  heat  which  is 
brought  to  bear  upon  the  crushed  minerals,  especially  if  it  be 
conveyed  to  them  by  the  action  of  aqueous  vapor,  there  is  a 
tendency  to  reconstruction  and  a  restoration  of  the  former  crys- 
talline integrity.  Since,  therefore,  it  ia  a  fundamental  law  of 
physics  that  all  force  which  is  expended  in  such  great  move- 
ments as  upheaval,  and  such  friction  as  crushing  or  shearing 
or  folding,  produce  equivalents  in  heat,  it  is  necessary  to  allow 
for  the  presenceof  large  amounts  of  heat  when  these  dynamical 
'  processes  were  carried  out.  Since,  further,  water  in  the  form 
of  aqueous  vapor  has  been  present  in  all  volcanic  ejections, 
and,  as  water,  has  permeated  all  the  rocks  of  the  earth's  crust, 
it  is  equally  necessary  to  admit  the  presence  of  both  heat  and 
moisture  at  all  places  where  any  dynamic  changes  such  as 
those  mentioned  have  taken  place,  throughout  geological  his- 
tory. Such  movements,  therefore,  in  their  ultimate  results, 
when  acting  normally  at  any  depths  within  the  earth's  crust 
would  leave  the  concerned  original  massive  strata  with  a  lower 
stage  of  crystallization  than  they  had  prior  to  their  action. 
They  would  tend  to  solidify  and  reconstruct  the  fragmental 
grains  of  sedimentary  strata,  and  would  reinforce  the  igneous 
rocks  in  case  they  had  begun  to  sufFer  from  atmospheric  agents. 
At  still  greater  depths,  beyond  the  reach  of  air  and  water,  such 
pressure  may  have  been  sufBcient  to  re-fuse  the  crust,  allowing 
the  product  to  return  to  its  native  condition.  Near  the  surface 
of  the  earth,  only,  and  in  exceptional  cases,  could  the  heat 
which  such  changes  must  have  created  be  supposed  to  have 
been'  dissipated  without  causing  the  recrystallization  here  in- 
dicated. 

Metamorphism,  therefore,  in  the  sense  in  which  the  word  is 
commonly  used,  is  not  a  degradational  change.  It  is  the  "pas- 
sage, under  circumstances  of  high  temperature  or  pressure,  or 
both,  of  less  crystalline  into  more  crystalline  compounds;  or 
the  change  of  minerals  into  others  not  less  crystalline  or  in- 
soluble than  themselves"  (p.  36),  Such  changes  are  promoted 
in  all  fragmental  rocks  by  the  great  dynamical  movements  to 
which  the  author  has  appealed.  The  retrogressive  changes 
described  by  the  author  are  not  metamorphism,  properly  so 
called,  they  are  instead  katamorpkism. 

We  do  not  desire  to  question  the  possibility,  nor  even  the  ac- 
tuality of  the  mineral  changes  which  are  included  under  the 
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tenn  "dynamic  metamorphism"  by  the  author.  Given  a  basic 
crystalline  rock,  and  a  fragmental  one  of  the  same  chemical 
composition,  like  the  tuffs  at  Marquette,  and  let  them  be  sub- 
jected to  equal  pressure  and  shearing,  with  access  of  heat  and 
moisture,  and  they  would  be  made  similar  in  mineral  compo- 
sition and  perhaps  in  some  of  their  structures,  in  the  former  by 
katamorphism  and  in  the  latter  by  ordinary  metamorphism. 
They  would  iwth  be  changed  to  a  crystalline  schist,  acid  or 
basic  according  to  the  nature  of  the  original  rock.  Such 
changes  have  passed  over  the  rocks  in  vast  areas  of  the  earth's 
surface.  Such  changes  are  apparent  in  the  basic  tuffs  wher- 
ever they  are  found  to  approach  the  region  of  the  eruptive 
granites,  whether  in  Michigan  or  in  Minnesota.  Toward  the 
"eruptive"  greenstones  they  show  no  such  change,  although 
they  approximate  the  greenstones  In^all  their  characters.  This 
fact  indicates  that  the  tuffs  have  not  been  subjected  to  any 
metamorphism  worthy  to  enter  into  this  discussion,  and  infer- 
entially  that  the  greenstones  have  also  been  exempt  The  sup- 
posed dynamic  changes  described  by  the  author  in  what  he  con- 
siders original  diabases  are  precisely  the  same  as  those  which 
he  finds  in  the  stratified  tuffs.  But,  as  already  stated,  we  con- 
sider that  a  dynamic  force  which  would  have  wrought  such  de- 
structive changes  in  a  diabase  would  have  recrystallized  the 
tuff  which  was  associated  with  It.  If  they  show  the  same  char- 
acters now,  as  admitted  by  the  author,  they  must  have  had  a 
similar  physical  history  since  their  deposition,  and,  as  the 
tuffs  are  in  an  extremely  decayed  condition,  the  supposed  dia- 
base must  have  begun  its  history  with  a  similarly  decayed  con- 
dition— In  other  words,  it  would  not  have  been  an  original 
massive  eruptive. 

We  are,  therefore  correct  In  assuming  that  the  profound  and 
ever-present  retrogression  in  mineral  crystallization  which  the 
greenstones  exhibit  cannot  be  attributed  to  dynamical  move- 
ments, except  In  limited  and  irregular  areas  which  cannot  yet 
be  defined,  and  that  in  general  it  must  he  referred  to  some  cause 
whose  niitural  effect  looks  toward  the  opposite  direction,  and 
which  acted  alike  and  simultaneously  on  the  material  of  the 
greenstones  and  that  of  the  fragmental  tuffs. 

We  can  find  no  cause  adequate  to  the  production  of  these 
changes  except  atmospheric  action  on  volcanic  ejectamenta. 
In  case  of  lava  flows  contemporary  with  the  tuff  accumulation, 
such  may  have  been  largely  or  wholly  destroyed  by  the  solvent 
action  of  the  ocean,  or  so  permeated  by  the  same  changes  that 
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when  consolidated  they  lost  their  identifiable  features  ae  ig- 
neous rocks.  The  saussuritization  of  feldspar  with  separate 
formation  of  zoizite  and  secondary  silica  is  described  by  Prof.  J. 
W,  Judd*  as  the  product  of  ordinary  weathering  of  the  gabbros 
of  Mull,  west  coast  of  Scotland.  "Every  stage  of  this  altera- 
tion (a  kind  of  kaolinizatioD)  can  be  traced,  from  a  slight  cloud- 
ing of  the  transparent  feldspars  to  their  passage  into  white 
and  opaque  pseudomorphs.  Oolorless  augites  acquire  a  brown 
or  purplish  tint  on  their  exterior  portions,  which  extends  in- 
ward and  finally  embraces  the  whole  crystal.  They  also 
change  paramorphicAlly  to  hornblende  and  to  diallage,  and  in 
other  cases  to  the  structureless  viridite  which  again  becomes 
hornblende  by  uralitization.  Enstatite  and  olivine  produce 
serpentine,  and  ilmanite  leucoxene.  The  whole  rock  maybe 
still  further  decayed  by  atmospheric  exposure  "and  reduced  to 
a  mass  of  dark  colored  clay,  or  wacke."  He  also  remarks  that 
this  action  results  in  a  destructive  change  in  the  rock,  whereas 
crushing  movements  in  rock  masses  result  in  reconstructive 
changes.  At  any  rate,  so  long  as  it  cannot  be  afSrmed  that  it 
is  proven  that  dynamic  movements  were  the  only  possible 
cause  of  these  features,  it  is  reasonable  to  allow  that  they  may 
be  referred  to  some  other  agent.  The  thesis  of  this  bulletin 
would  be  proved  had  the  author  established  the  two  foUowing 
propositions.  (1)  Dynamic  forces  can  produce  the  effects 
seen  in  the  decayed  conditton  of  the  minerals  of  all  the  green- 
stones and  the  fragmental  schists.  (2).  Dynamic  action  is 
the  sole  efficient  cause  that  can  have  produced  these  effects. 
Lacking  both  of  these,  as  it  appears  to  the  writer,  the  philoso- 
phy of  the  author  is  not  sufBciently  intact  to  warrant  its  un- 
qualified acceptance. 

(b )  The  greenstones  as  a  geologic  terrane. 
It  has  already  been  shown  that  the  greenstones  of  the  Ar- 
chean  constitute  a  district  terrane,  forming  the  latest  portion 
pf  the  Keewatin,  thus  coming  at  the  very  top  of  those  rocks 
which,  in  the  lake  Superior  region,  have  been  found  to  consti- 
tute the  "fundamental  complex."  The  Archean  terminates 
abruptly,  by  the  most  profound  plane  of  non-conformity  that 
has  yet  been  discovered  in  American  geology.  Its  bedding, 
i.  e.,  its  sedimentary  structure,  stands  vertical,  or  nearly  sa 
at  all  places  where  it  has  been  examined  and  reported.  The 
basal  beds  of  theTaconic  pass  transversely  over  them,  indicate 
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ing  a  ^neral  subsidence  beueath  the  ocean  on  the  close  of  the 
volcanic  age.  Below  the  greenstones  are  found  chlorite  slates 
and  schists, sericitic  schists,clay  elates, gray wackes, conglomer- 
ates, quartzytes  and  jaspilytes.  The  greenstones  pass  gradu- 
ally, by  various  alterQations  of  "massive"  and  "schistose"  green- 
stones, into  chlorite  slates,  and  then  into  clay  slates.  In  other 
places  these  green  schists  verge  off  with  an  increase  of  very 
fine  silica  grains,  into  silky  schists  and  to  novaculytes,  and 
with  local  increase  of  hematite  into  jaspilytes.  These  schists 
may  all  become  so  coarsely  fragmental  as  to  constitute  con- 
glomerates, "slate  conglomerates,"  graywackes. siliceous  poro- 
dytes  and  conglomerates  made  up  of  porphyritic  felsyte  peb- 
ble:i.  Whatever  their  composition,  we  have  about  come  to  the 
belief  that  they  are  all  the  result  of  oceanic  action  on  volcanic 
ejectamenta.  Their  thickness  in  Minnesota  seems  to  exceed 
that  of  any  other  of  the  Archean  terranes.  The  Vermilion 
iron  range  is  in  this  formation.  We  have  discovered  no  gener- 
al plane  of  discordance  in  the  midst  of  this  volcanic  material 
The  conglomerates  are  local  and  irregrular,  and  vary,  not  in 
accordance  with  the  strata  alongside  of  which  they  lie,  ae  they 
would  if  they  were  of  erosion  origin,  but  wholly  independently 
and  irregularly.  Generally,  indeed,  their  pebbles  cannot  be 
referred  to  any  rock  in  the  region.  They  are  like  the  pebbles 
described  by  Dr.  Williams  in  the  Deer  lake  agglomerate,  quartz- 
porphyries  and  felsytes,  ambiguous  greenstones  and  red  gran- 
ites,  with  occasional  angular  pieces  of  jaspilyte.  They  seem  to 
have  all  been  thrown. out  from  volcanic  craters,  and  to  have 
been  spread  out  in  comformable  sheets  by  oceanic  action,  some- 
times after  long  continued  abrasion. 

This  series  of  fragmental  materials  has  been  locally  and  re- 
gionally affected  by  metamorphism,  and  has  been  converted  in- 
to true  crystalline  schists.  Restricted  gneissic  and  granitic 
areas  are  surrounded  by  such  schists,  and  the  gradual  trans- 
ition from  the  fragmental  Keewatin  into  the  crystalline  schists 
has  been  observed  at  many  places.  There  is  no  general  plane 
of  non-conformity  between  them.  In  tracing  the  Keewatin 
schists  downward,  or  at  least  in  a  direction  toward  the  great 
areas  of  gneiss  and  eruptive  granite  which  is  often  presumed  to 
be  in  descending  order,  there  is  a  gradual  increase  of  crystalliza- 
tion until  the  rock  is  a  fully  crystalline  mica,  or  hornblende- 
mica  schist,  which,  in  turo,  becomes  an  acid  gneiss  by  the  con- 
tinued increase  of  quartz  and  orthoclase.     In  general  it  may  be 
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Baid  that  throughout  the  series,  from  the  top  of  the  Kawishi- 
win  to  the  gneiss  of  the  Laureatian,  there  is  no  widespread 
plane  of  non-conformitv,  but  a  succession  whose  most  marked 
characteristic  is  a  gradual  change,  in  descending  order,  from 
basic  fragmental  tuff-rock,  with  some  which  may  have  been 
originally  massive,  to  acid  schists  and  gneisses,  the  latter  be- 
ing wholly  crystalline  and  fresh.  This  change  in  the  schists 
is  attributed  to  "regional  metamorphism."  but  how  it  differs 
from  local  or  contact,  or  even  from  dynamic  metamorphism. 
it  is  not  possible  to  discover,  except  that  it  is  carried  out  on  a 
much  larger  scale.  The  sedimentary  structure  is  everywhere 
apparent  and  unquestionable.  In  the  gneisses  are  sedimentary 
structures  as  apparent  as  in  the  schists;  and  at  the  same  time 
the  gneisses  or,  perhaps  more  properly,  some  granites  which 
have  acquired  a  foliated  or  sheeted  structure,  exhibit  other 
"parallel  structures"  which  have  sometimes  been  mistalcen  for 
the  sedimentary  structure. 

From  this  review  it  liecomes  apparent  that  the  volcanic  age 
was  one  whose  action  began  feebly,  its  tuff  constituting  but  & 
small  part  of  the  oceanic  deposition.  It  increased  throughout 
a  vast  lapse  of  time  and  culminated  with  a  volcanic  violence 
which  seems  to  have  everywhere  terminated  the  Archean, 
and  was  followed  by  such  a  settling  of  the  land  areas  that 
the  following,  or  Taconic  age.  was  introduced  by  a  very 
general  submergence,  bringing  the  base  of  the  Taconic  non- 
conformably  over  the  upturned  beds  of  the  Archean.  It  also 
becomes  apparent  from  this  review  that  the  decayed  green- 
stones and  greenstone  tuffs  are  much  younger  than  the  truly 
crystalline  schists.  They  could  not  therefore  have  been  meta- 
morphosed nor  subjected  to  any  general  dynamic  force,  such 
as  pressure,  folding  and  shearing,  unless  the  same  movements 
had  involved  the  lower  terranes.  If  the  philosophy  of  dynamic 
metamorphism  be  correctly  applied  by  the  author  it  will  be 
necessary  that  it  shall  answer  the  question— why  do  not  the 
crystalline  schists  exhibit  the  same  or  similar  semi-decayed 
crystallization  as  the  greenstones  and  basic  tuffs?  and  the 
question,  why  have  not  the  eruptives  (?)  of  the  greenstones 
preserved  their  structures  as  intact  as  those  of  the  older  crys- 
talline schists? 

We  look  upon  the  greenstones  in  Minnesota  as  an  oceanic 
terrane  having  a  definite  stratigraphic  position,  although  prob 
ably  involving  some  truly  irruptive  masses.  Its  materials,  both 
basic  and  acid,  are  interbedded  by  sedimentatioii  the  (uie.  vilfa 
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the  other,  and  are  sometimes  mingled.  The  decayed  conditioii 
of  these  materials  is  due  to  the  natural  action  of  the  Eeewatin 
ocean  prior  to  consolidation,  and  the  crystalline  conditloD  of 
the  lower  beds  is  due  to  a  later  metamorphlsm  which,  having 
its  active  forces  and  seat  at  still  greater  depths,  did  not  per- 
meate the  whole  formation.  It  is  not  attributable  so  much  to 
dynamic  movements  as  to  internal  heat.  Wherever  such  move- 
ments operated  with  great  violence,  the  lower  Keewatin  sedi- 
ments were  fused,  producing  irruptive  felsytes  and  granite. 
Such  granite  is  bordered  usually  by  belts  of  crystalline 
schist,  evidently  formed  at  the  time  of  such  fusion. 
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INTRODUCTORY. 

ThiB  report  makes  no  pretension  to  be  an  exhaustive  descrip- 
tion of  the  Rainy  Lake  country  and  of  the  gold  interests  cen- 
tered there.  The  time  allowed  for  study  in  the  field  and  in  the 
laboratory  has  been  entirely  insufficient  for  the  preparation  of 
anything  but  a  preliminary  paper.  The  authors  have,  however, 
endeavored  to  present  a  report  which  will  give  some  precise 
and  reliable  information  concerning  this  region,  the  occurrence, 
richness. and  necessary  treatment  of  the  ores,  the  geological 
stmcture,  and  the  other  resources.  It  is  hoped  that  this  report 
will  be  of  value  as  an  easily  accessible  source  of  information  to 
intelligent  persons  who  desire  to  gain  some  knowledge  of  this 
district,  as  well  as  to  those  who  are  now  in  the  region  or  who 
are  contemplating  visiting  it. 

The  description  of  the  geology  and  the  general  physical 
features  of  the  Rainy  Lake  region  applies  especially  to  that 
part  of  the  lake  and  its  shores  lying  in  Minnesota,  but  most  of 
the  statements  will  hold  equally  well  for  the  territory  on  the 
other  side  of  the  International  boundary.  When  certain  feat- 
ures find  better  developmeut  in  Canadian  territory  this  fact 
will  be  mentioned.  The  geological  observations  of  the  authors 
have  been  supplementary  to,  and  in  a  large  degree  confirma- 
tory of,  the  reports  on  this  region  written  by  A.  0.  Lawson* 
and  H.  V.  WinchelLf  To  these  reports  we  are  indebted  for 
corroboration  of  many  of  the  facts  observed  in  the  field,  and  in 
some  cases  for  statements  which  are  essential  to  this  report, 
bnt  which  we  are  unable  to  make  wholly  on  our  own  authority. 
This  general  acknowledgment  will  sufBce  to  make  it  unneceS' 
sary  to  give  references  in  cases  where  our  observations  agree 
with  those  of  the  above  mentioned  authors,  but  where  we  are 
entirely  indebted  for  certain  statements  to  the  previously  pub- 
lished reports  reference  will  be  made  to  the  source  of  the  in- 
formation. 

Kd&"aDdpubUsbe(llDlTI!l.  On  thli  map  Balo;  iKkelBieBigoi,todta"LiK  Tteama- 
nrfouAiou  d*  taPtute."  which  la  Buffiotsat  proof  ibat  at  thKte»rly  date,  one  hundred  and 
forty  yaars  ago,  the  lake  was  koown  to  the  Fronob  explorers  aa  Lae  de  la  Ptufs  (Lake 
of  the  EalD).  There  are  ihuB  moat  eioallent  grounds  for  the  belief  that  the  name 
Rainy  lake  Is  a  direct  tranilBtion  of  the  orlgmBl  Preooh  dealgDatlon.  Most  likely 
also  the  French  name  vaa  a  translation  of  the  Ohipitewa  name. 

■Beport  on  the  geology  of  the  Balny  Lake  region.  Oeol.  and  Nat.  Hist,  Survey  Of 
Oanada.  Ann.  Bept.  torlS8T-'a3.  Dew  series,  Yol.  Ill,  pp.  1  F-tSi  F.  pla.  IS-IS,  188P.  Ao- 
oompaDled  bT  a  Keologlcal  map. 

+Beport  of  obBsrvatlona  made  dnrlnk  the  summer  of  1B8T.  Qeol.  and  Nat.  Hist,  Sur- 
Toyof  Ulnn..   ISth  (ISffT)  Ann.  Rept.,  pp.  3M'47S,  1888.    Accompanied  by  a  geoh^loal 
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GOLD,  ITS  OCCURRENCE  AND  ASSOCIATIONS. 

Grold  13  fouod  Id  rocks  of  every  geological  age.  It  occars  in 
the  oldest  and  the  most  recent,  both  acid  and  basic,  eruptive 
and  sedimentary.  In  many  districts  it  occurs  in  lodes  composed 
of  partially  metamorphoBed  rocks,  such  as  slates  or  achifite, 
while  its  occurrence  in  holocrystalline  metamorpbic  or  igneous 
rocks  is  comparatively  tare.  Among  sedimentary  rocks  its 
occurrence  is  almost  confined  to  the  sands  of  rivers  which  mn 
for  a  part  of  their  course  through  crystalline  formations,  or 
more  particularly  through  districts  in  which  gold  ciccurs  in 
quartz  veins.  Such  river  sands  are  rarely  quite  free  from 
gold.  The  beds  of  ancient  rivers  no  longer  ezisieut  are  also 
frequently  auriferous.*  The  matrix  in  which  the  gold  is  con- 
tained is  usually  quartz,  intersecting  as  veins  or  interlaminated 
with,  subcrystalline,  slaty  or  schistose  rocks,  especially  hydro- 
mica  and  cbloritic  slates.  Grold  also  occurs  sparingly  in  simi- 
lar veins  in  granite  and  gneiss,  and  has  been  detected  in  tbe 
trachytes  of  Colorado,  and  in  Silurian  and  Carboniferous 
trachytes,  as  well  as  in  some  limestones. 

The  wide  distribution  of  gold  in  minute  quantities  throngli- 
out  the  world  was  pointed  out  by  W.  E.  Dubois  in  ItiSl"*  and  is 
thus  commented  upon  by  W.  P.  Blake  :t  "There  is  a  much 
greater  dissemination  of  gold  in  a  ragged  granular  conditioo, 
in  situ,  in  fine  particles  in  the  midst  of  rock  formations,  and 
without  any  obvious  connection  with  veins,  than  is  generally 
supposed.  Prominent  examples  are  found  in  the  belts  or  zones 
of  layers  of  soft  slate  in  Georgia,  and  in  North  Carolina.  •  • 
*  *  The  Boly-Fields  gold  vein,  Lumpkin  county.  Georgia,  is 
an  example  of  the  occurrence  of  coarse,  ragged  gold  in  the 
midst  of  a  mass  of  slate,  without  any  defined  quartz  vein.  The 
gold  is  closely  associated  with  bornite,  pyrites  and  dolomite. " 
The  dissemination  of  gold  in  the  schistose  rocks  of  Nortii 
Carolina  has  also  been  noted  by  professor  Kerr,  ft  and  by  Dr. 
Emmons,  and  similar  occurrences  have  been  noted  in  Texas, 
Nova  Scotia,  and  in  other  parts  of  the  world.  At  the  Conten- 
tion mine,  Tombstone,  Arizona,  free  metallic  gold  is  found  in 
the  thin  cracks  and  cleavage  surfaces  of  partially  decayed 
porphyry,  and  appears  to  have  been  deposited  there  from 
solution  and  not  mechanically.    It  occurs  in  thin  subcrystalline 

-Rose.  Hetsliurgyar  Gold,  1884,p.  33. 
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flakes  and  scales,  and  may  have  been  derived  from  the  decom- 
position of  the  iron  pyrites  with  which  the  adjoining  sedi- 
mentary formations  are  charged.  Gold  also  occurs  in  small 
quantities  (1  part  in  1,124,000)  in  the  bed  of  clay  on  which  the 
city  of  Philadelphia  is  built,* 

According  to  Rose  the  most  common  mineral  associates  of 
auriferous  quartz  lodes  or  placer  deposits  are  platinum,  silver, 
iridosmlne.  maguetite,  iron  pyrites,  galena,  ilmenite  or  tltan- 
iferons  iron  ore,  copper  pyrites,  zinc  blende,  tetradymite,  zir- 
con, garnets,  rutile  and  heavy  spar;  wolfram,  scheellte,  brook- 
ite  and  diamonds  being  less  common.  Diamonds  are  associ- 
ated with  gold  in  Brazil,  and  also  occasionally  in  the  Urals 
and  in  this  country.  The  sulphides  present  in  auriferous 
quartz  frequently  contain  gold,  which  is  usually  in  part  quite 
free,  disseminated  through  the  quartz,  in  visible  grains,  and 
in  part  locked  up  in  the  pyrites,  whence  but  little  can  in  gen- 
eral be  extracted  by  mercury.  It  is,  however,  in  all  probabil- 
ity in  the  metallic  state  in  pyrites,  as  was  shown  by  F.  D. 
Adams  to  be  the  case  in  ore  from  the  Alaska  Tre2tdwell  mine.} 
Calaverite  is  a  telluride  of  gold,  while  sylvanite  or  "graphic 
tellurium,"  petzite  and  nagyagite  are  tellurides  of  gold  and 
silver.  Other  gold  tellurides  and  some  native  gold  amalgams 
are  occasionally  seen,  but  none  of  these  minerals  are  of  much 
importance  as  ores,  seldom  occurring  in  any  abundance.  In 
Colorado,  however,  are  a  tew  mines  in  which  the  valuable  ores 
are  tellurides. 

Placer  gold  is  usually  in  the  form  of  small  scales,  but  pellets 
or  rounded  grains  also  occur,  while  larger  masses  or  nuggets 
are  usually  of  a  rounded,  mammillated  form.  The  chief  differ- 
ence between  the  appearance  of  placer  and  vein  gold  lies  in 
the  fact  that  the  former  is  always  rounded,  showing  no  sharp 
edges,  even  the  crystals  having  their  angles  smoothed  and 
rounded  off.  This  has  been  pointed  to  by  the  advocates  of  the 
erosion  theory  of  the  origin  of  placer  gold,  as  evidence  in  favor 
of  their  views,  the  roundness  of  the  fragments  being  taken  to 
prove  that  abrasion  of  the  gold  has  been  effected  by  attrition 
through  moving  water  and  grains  of  sand.  The  largest 
masses  of  gold  yet  discovered  have  been  found  in  auriferous 
gravel.!  but  recent  reports  from  the  Coolgardie  district,  in 
western  Australia,  indicate  that  larger  masses  of  gold  may  yet 
be  found  in  quartz  veins  than  have  ever  yet  been  taken  from 

•Oaae.  toe.  ctt..  p.  30. 
tAm.  GdOl-.IV,  p.  02, 
iftoae.  loc.  ett..  p.  31. 
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placers.  This  will  deprive  the  supporters  of  the  chemica. 
theory  of  the  origin  of  ^Id  in  placers  of  oae  of  their  most 
effective  ar^ments. 

Native  gold  usually  contains  silvei'  in  varying  proportiooB, 
its  color  beconaing  paler  with  the  increase  of  silver.  Copper 
almost  invariably  contains  gold,  and  even  the  Lake  Superior 
copper,  celebrated  the  world  over  for  its  purity,  contuos 
nearly  one  part  of  gold  in  a  million  of  copper.  The  bronze 
aud  copper  coins  of  all  nations  are  usually  found  to  contun 
greater  quantities  of  gold  than  this.  Simitar  evideace  has 
been  adduced,  tending  to  show  that  all  ores  of  silver,  aatimouy 
and  bismuth  contain  gold.* 

Even  the  waters  of  the  ocean  contain  gold,  as  demonstrated 
by  Sonstadt  in  1872.t  Munster,  in  1892,  found  an  average  of 
five  milligrams  of  gold  in  a  ton  of  sea  water,  or  26  tons  of  gold 
in  a  cubic  mile  of  water.  It  has  been  estimated  that  the  ocean 
has  an  average  depth  of  2,500  fathoms  and  contains  400  mil- 
lion cubic  miles  of  water,  thus  holding  in  solution  10,250  mil- 
lions of  tons  of  gold.  To  appreciate  to  a  slight  extent  the 
significance  of  this  statement  we  have  only  to  consider  that 
the  world's  total  output  of  gold  during  the  past  400  years  has 
been  only  about  5.800  tons  and  now  amounts  to  about  200  tODS 
per  annum.  It  our  gold  were  all  taken  from  the  ocean  the 
"visible"  supply  would  be  sufficient  to  last  51  million  years  at 
the  present  rate  of  production. 

The  gold  thus  contained  in  the  sea  is  held  in  solution  as  an 
iodide.  But  the  gold  which  occurs  in  the  roclcs  of  the  eartli's 
crust  is  almost  entirely  native.  For  many  years  it  was  sup- 
posed that  gold  was  not  taken  into  solution  by  any  but  the  most 
powerful  reagents  to  form  chemical  compounds.  It  is  now 
known,  however,  that  gold  is  soluble  in  several  of  the  most 
common  acids  and  salts,  and  is  transferred  by  them  from  place 
to  place  and  redeposited. 

I.      VEINS  AND  THEIR  ORIGIN. 

It  is  quite  probable  that  the  original  source  of  gold  was  in 
disseminated  form  in  eruptive  rocks.  From  these  it  has  been 
segregated  either  directly  into  veins  which  cut  these  eruptives 
or  into  veins  contained  in  sedimentary  rocks  which  were  formed 
from  the  decay  and  redeposition  of  the  original  eruptives.  The 
minerals  usually  associated  with  gold  in  veins  are  quartz  and 
pyrites.  Other  minerals  such  as  galena,  zinc  blende,  and  other 

'..,  Jour.  8<x.  Chtm.  Ind.,  XII.  ISBB,  No.  4. 
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sulphides  or  carbonates  are  not  uncommon,  but  quartz  and 
pyrites  are  the  companions  of  gold  the  world  over.  Upon  the 
decay  and  erosion  of  the  pyrites  and  quartz  the  gold  is  usually 
found  in  flakes  or  nuggets  of  greater  purity  and  size  than  before 
the  pyrites  is  oxidized.  The  portion  of  a  gold  bearing  vela  which 
has  been  thus  affected  by  oxygen-bearing  waters  sometimes  ex- 
tends to  the  depth  of  two  or  three  hundred  feet  and  is  frequent- 
ly richer  than  the  ore  found  at  greater  depths.  When  -decay 
and  erosion  have  progressed  still  further  and  the  veins  are 
broken  down  and  washed  away,  the  gold  is  found  in  the  result- 
ing gravel  deposits,  called  placers,  in  the  beds  of  streams  and 
gullies.  Such  placers  have  produced  a  very  large  propor- 
tion (about  two-thirds)  of  the  world's  store  of  gold,  and  at  the 
present  time  placer  gold  amounts  to  about  40  per  cent  of  Hie 
total  output. 

Veins  are  differently  defined  by  different  writers.  Phillips 
says  they  are  "aggregations  of  mineral  matter,  differing  in 
character  from  the  enclosing  rocks,  in  fissures  formed  in  those 
rocks  subsequently  to  their  consolidation."*  He  says  further 
that  "true  veins"  traverse  the  enclosing  rocks  independently 
of  their  structure  and  not  parallel  to  their  foliation  or  stratifi- 
cation. Veins  of  this  class  are  believed  to  have  originated  in 
fissures  or  faults  produced  by  movements  of  portions  of  the 
earth's  crust  and  to  extend  to  an  indefinite  depth.  It  was 
formerly  believed  that  unless  a  vein  was  of  the  vai^ety  called 
a  "true"  or  fissure  vein  it  had  little  value.  This  is  not  true, 
however,  many  large  and  profitable  workings  being  in  segre- 
gated or  "bedded  veins"  which  are  In  a  general  way  parallel 
with  the  enclosing  rocks,  or  even  in  mere  impregnations  of 
the  rocks  themselves. 

It  was  at  one  time  a  common  belief  that  veins  and  their  con- 
teats  were  formed  at  the  same  time  as  the  rocks  which  contain 
them.  Then  it  was  seen  that  they  must  be  later  than  the 
rocks  and  of  different  relative  ages,  and  it  was  popularly  sup- 
posed that  they  were  fissures  filled  by  material  which  was 
forced  into  them  in  a  molten  and  fluid  condition  from  great 
depths.  It  is  now  generally  thought  that  the  contents  of  veins 
were  deposited  gradually  from  the  various  solutions  which  are 
continuously  circulating  through  the  rocks  below  the  surface. 
Chemical  analyses  have  revealed  the  presence  In  these  solu- 
tions or  ground  waters  of  the  various  minerals  that  are  now 
being  deposited  on  the  walls  of  the  fissure  from  which  they  were 
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taken.  The  idea  of  sudden  and  volcanic  or  eraptive  origin  bas 
giTBD  way  completely  to  tliat  of  slow  deposition  through  the 
ageocy  of  water. 

Although  silica,  or  quartz,  is  insoluble  in  the  ordinary  sense 
of  the  word,  yet  it  is  well  known  to  geologists  that  it  is  held  in 
solution  in  spring,  river  and  sea  waters.  Thus  Forchammer 
found  in  some  samples  three  parts  of  silica  in  one  miltioa  parts 
of  water  or  13,500  tons  of  silica  in  one  cubic  mile  of  sea  water. 
Deville  showed  that  the  river  Loire  contained  about  four  parts 
of  silica  in  100,000  parts  of  water.  The  waters  found  in  mines 
also  contain  silica  in  solution.  Daubr^e  proved  ezperimentallj- 
that  superheated  steam  has  a  solvent  action  on  silicates  and 
that  upon  lowering  the  temperature  of  the  solution  cryst^line 
quartz  of  a  character  similar  to  that  found  in  association  with 
gold  in  quartz  veins  is  precipitated.  Silicified  wood  is  another 
example  of  the  fact  that  silica  ent^s  into  solution,  and  is  de- 
posited by  the  reducing  agency  of  organic  and  other  matter. 
The  quartz  of  auriferous  lodes  is  then  accounted  for  on  the 
hypothesis  of  aqueous  solution  and  precipitation. 

Gold  is  also  usually  pronounced  soluble  only  in  chlorine, 
bromine,  iodine  and  one  or  two  other  chemicals  that  are  na- 
common  in  nature;  and  if  that  were  true  there  would  be  some 
difflculty  in  accounting  for  its  presence  in  quartz  veins  formed 
by  deposition  from  water.  As  a  matter  of  fact,  however,  theie 
are  many  solvents  for  gold,  among  them  the  following:  (1) 
Sesqui- chloride  and  sesqui-sulphate  of  iron.  Hence  J.  A.  Phil- 
lips suggested  that  in  the  presence  of  a  reducing  agent  sul- 
phate of  iron  carrying  gold  in  solution  would  be  changed  to 
pyrite  or  sulphide  of  iron,  and  the  gold  reduced  to  a  metal- 
lic state.  (2)  Hyposulphite  of  soda.  (3)  Sulphuretted  hy- 
drogen at  ordinary  temperatures,  producing  a  sulphide  of  gold 
which  is  soluble  in  alkaline  sulphides,  both  of  which, reagents 
are  generally  present  in  underground  waters.  {4)  As  shovn 
by  Prof.  Egleston,  gold  is  soluble  in  the  following: 
Potassium  bromide,  heated  to  150°  to  200°0. 
Potassium  iodide,  ■'  100°  to  170°C. 

Ammonium  nitrate  with  ammonium  chloride  as  impurity,  at 
ordinary  temperature  and  pressure. 
Potassium  sulphide  at  ordinary  temperature  and  pressure- 
Sodium  "  '•  "  •'  "  " 
Potassium  cyanide        "            "            "            "  " 
Ammonium  sulphide  heated  to  145°  to  180°C. 
Free  chlorine. 
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"He  concludes  from  his  experimeat  stbatgold  is  not  only  not 
Insolnble,  but  that  in  nature  it  is  constantly  being  dissolved 
out  of  the  rocks  and  placers,  the  waters  of  filtration  dissolv- 
ing out  of  the  rocks,  in  their  passage  through  them,  all  the 
materials  necessary  for  the  solution  of  the  gold,  and  carrying 
it  in  very  dilute  solutions  until  it  meets  some  substance  that 
precipitates  it.  »  *  *  *  rj^i^^  same  conditions  which  cause 
the  solution  of  gold  in  certain  cases  cause  also  the  solution  of 
silica.  •  *  »  No  single  agent  is  so  powerful  a  solvent  of 
gold  as  chlorine.  Very  few  drainage  waters  are  free  from 
some  compound  of  it,  and  no  soil  is  without  the  nitrogenous 
materials  necessary  to  set  the  chlorine  free,  and  therefore 
capable  of  attacking  the  gold  and  rendering  it  soluble.'"^ 

Mr.  Philip  Argall  speaks  as  follows  regarding  the  origin  of 
gold:t 

1st  Australian  geologists  have  long  held  that  part  of  the 
gold  held  in  the  reefs  was  derived  from  the  ocean,  and  was 
deposited  with  the  strata  now  enclosing  the  veins. 

2d.  Gold  was  also  derived  from  the  eruptives,  particularly 
the  dioryte  (greenstones). 

3d.  Gold,  throughout  the  world,  is  of  somewhat  similar 
origin,  and  is  in  all  probability  mostly  derived  from  igneous 
rocks. 

4th.  Gold  readily  enters  into  solution,  and  is  so  found  in 
mine  waters,  and  impregnating  mine  timbers,  in  association 
with  the  alkalies  and  alkaline  earths  combined  with  sulphur. 

Sth.  These  mine  waters  chiefly  consist  of  the  alkaline  chlor- 
ides and  sulphates. 

6th.  That  waters  holding  these  salts  in  solution  are  found 
in  the  inclusions  of  vein-quartz  carrying  the  precious  metals. 

Experiments  conducted,  by  E.  Cumenge  tend  to  show  that 
the  alkaline  auro-silicate,  obtained  in  the  wet  way.  may  have 
played  an  important  part  in  the  formation  of  auriferous  quartz.} 

HISTORICAL  SKETCH  OP  GOLD  DISCOVERIES  IN  THE 
LAKE  SUPERIOR  REGION. 
There  are  reasons  for  believing  that  the  first  discovery  of 
gold  in  the  Lake  Superior  region  was  made  by  Dr.  Douglass 
Houghton  in  1845  not  far  from  the  present  town  of  Negaunee. 
The  story  is  told  by  Mr.  S.  W.  Hill,  and  a  voyageur  named  An- 

•Trmw.  A.  1.  M.  B.,  Ix,  MS,  Wfl,  18B1. 

tlVon*.  A.  I.  M.  E.,  xxM,  71,  183. 

XBase.  UeMllurg;  of  Qold,  London.  ISM.  p.  27. 
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toiDe  du  Noir.  Tbey  agree  in  the  statement  that  Dr.  Hoaghton 
wandered  away  from  camp  one  day,  alone,  as  he  was  accus- 
tomed to  do,  and  returned  about  dark  with  a  ba^  full  of  sped- 
mens  In  which  native  gold  was  plainly  visible.  He  told  them 
that  they  were  in  a  gold  country,  and  that  he  should  not  be 
surprised  to  find  quantities  of  it  in  the  Huron  hills.  A  piece  of 
the  quartz  found  at  that  time  was  worn  as  a  pin  f6T  many  years 
by  Mr.  Jacob  Houghton,  a  brother  of  the  doctor.  The  notes  of 
this  season's  work  were  lost  in  the  lake  at  the  time  of  Dr. 
Houghton's  death,  but  the  accounts  of  the  explorers  are  gener- 
ally believed  to  be  trustworthy  and  the  discovery  of  the  Ropes 
vein  in  this  same  vicinity  at  a  later  period  is  very  strong  cor- 
roborative proof  of  their  verity. 

Beyond  the  traces  of  gold  found  in  assaying  the  silver  and 
copper  ores  of  Michipicoten  island  and  other  localities  around 
lake  Superior,  there  was  no  gold  discovery  or  "boom"  until 
1865.  In  this  year  gold  ore  was  reported  from  Vermilion  lake, 
Minnesota,  by  state  geologist  Eames  and  others.  A  wagon 
road  was  laid  out  from  Dulutb  to  the  new  Bldorado,  a  dis- 
tance of  76  miles  through  the  forest.  Prof.  N.  H.  Winchell 
speaks  as  follows  about  this  Vermilion  lake  development:* 
"At  that  time  a  flush  of  feverish  excitement  led  to  the  ex- 
penditure of  considerable  money  in  sinking  shafts  and  erecting 
works  for  mining.  Three  steam  stamp  mills  were  erected, 
another  running  by  water  power.  One  was  owned  by  the  Nev 
York  Mining  Company,  whose  location wh^s  near  the  "Mission" 
on  the  south  shore,  another  by  Nobles  and  Company,  further 
northwest,  aod  another  by  Seymour  and  Company,  The  water 
power  mill  was  owned  by  the  Wabasha  Company,  and  was  lo- 
cated about  two  miles  from  VermilioD  lake,  at  Trout  lake. 
.  Eight  or  ten  mining  companies  wei:e  at  work  simultaaeoosly 
in  different  parts,  mainly  on  the  southern  shores,  or  on  isluids. 
A  townsite  was  laid  out  at  the  southern  extremity  of  the  lake, 
several  large  buildings  put  up,  and  stated  communication  made 
withDuluth.  The  village  was  named  Winston.  Above  the 
village,  at  Pickerel  falls,  a  lumber  mill  was  projected  and  the 
foundations  laid. "  The  very  land  subsequently  found  so  valuable 
for  iron  ore,  where  the  hard  hematite  and  jasper  stood  out  in 
bald  knobs,  a  hundred  feet  high,  was  taken  for  gold  claims. 
The  veins,  however,  proved  to  contain  more  pyrite,  marcasite 
and  pyrrhotite  than  gold,  and  by  1867  the  country  was  deserted, 
iron  deposits  and  all. 


h  Aon.Rep.  HlDD.  Oeol.  Sur.,  p.  73, 1878. 
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The  next  gold  discoveries  were  in  Canada  and  were  made  in 
1871  by  Peter  McKellar  of  Fort  William,  Ontario.  The  vein  is 
said  to  be  six  or  eight  feet  wide,  composed  of  qnartz  and  inter- 
calated layers  of  green  schist  The  country  rock  is  chloritic 
and  dioritic  schist,  siliceous  magnetite  and  massive  dioryte,  all 
having  a  northwesterly  dip  of  65°  to  80°.  The  vein  strikes  and 
dips  nearly  conformably  with  the  enclosing  rocks.  Intrusive 
syenite  appears  about  a  mile  to  the  northeast.  The  mine  devel- 
oped here  was  called  the  "Huronian"  and  is  situated  on  loca- 
tion "H  1"  in  Moss  township  near  lake  Shebandowan.  about 
70  miles  northwest  of  Port  Arthur.  A  10-stamp  mill  was 
erected  in  1883  and  operated  for  a  short  time  in  1864  and  188!^. 
The  gold  occurs  native  and  in  combination  as  a  telluride,  asso- 
ciated with  galena,  pyrite,  chalcopyrite  and  zinc  blende.  It  is 
said  that  the  mill  "cleaned  up''  $21.00  per  ton  of  ore  stamped, 
and  that  much  of  ^the  gold  was  lost.  Owing  to  the  expense  of 
procuring  supplies  the  mine  has  not  been  worked  since  1885. 

In  1872  gold  was  found  on  an  island  in  Partridge  lake,  a  short 
distance  west  of  Ltacdes-Mille-Lacs  in  a  large  quartz  vein  cut- 
ting "Huronian"  schist.  Samples  from  this  vein  which  showed 
nuggets  of  gold  were  exhibited  at  Philadelphia  in  1876. 

In  1875  small  nuggets  of  gold  were  found  in  a  vein  of  quartz 
intersecting  reddish  granite  at  Victoria  cape  on  the  western 
side  of  J2K;kB8h  bay,  on  the  north  shore  of  lake  Superior.  An- 
other vein  of  quartz  1^  to  S^  feet  thick,  holding  iron  pyrites, 
galena  and  blende  and  cutting  the  granite  in  close  proximity 
to  a  slaty  dioryte  at  this  locality  yielded  on  assay  $27  worth  of 
gold  per  ton.* 

Grold  has  been  known  to  exist  at  Lake  of  the  Woods  since 
1878,  and  has  been  referred  to  in  the  Canadian  geological  re- 
ports and  other  literature.  The  title  to  lands  in  that  vicinity 
being  claimed  by  both  the  Ontario  and  Dominion  governments, 
mining  was  not  actively  prosecuted  until  1890  or  thereabouts. 
It  is  difficult  to  learn  what  success  has  attended  mining  oper- 
ations in  this  district.  It  is  certain  that  many  of  them  have 
been  unprofitable,  but  whether  this  has  been  due  to  the  poor 
quality,  small  quantity,  or  cost  of  mining  and  treating  the  ore, 
or  to  the  lack  of  scientific  mining  and  metallurgical  methods 
could  not  be  ascertained.  The  rocks  of  this  region  are  quite 
similar  to  those  around  Rainy  lake,  and  it  might  be  supposed 
there  would  be  some  similarity  between  the  veins  of  the  two 
districts.     If,  then,  there  are  profitable  mines  on  Lake  of  the 
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Woods,  there  is  encouragement  for  Rainy  lake.  The  Sultana 
mine  is  often  referred  to  as  having  been  operated  profitably, 
notwithstanding  the  money  wasted  in  apparatus  for  handling 
refractory  ores  of  which  the  mine  is  said  to  contain  less  than 
five  per  cent.  Indeed,  it  is  doubtless  because  of  the  mistaken 
idea  that  the  gold  ore  of  the  Lake  of  the  Woods  is  refractory 
that  more  development  work  has  not  been  accomplished,  and 
more  information  gained  as  to  the  true  character  and  richness 
of  these  veins. 

In  1881  Mr.  Julius  Ropes  noticed  gold  in  a  vein  abont  six 
miles  northwest  of  the  city  of  Ishpeming,  Michigan.  Regular 
mining  was  begun  here  in  October,  1862,  and  daring  the  fol- 
lowing summer  a  5-stamp  mill  was  erected.  In  1884  a  25- 
stamp  mill  was  completed  and  put  in  operation.  This  is  the 
only  genuine  gold  mine  in  Michigan,  although  there  have  been 
other  discoveries  of  gold  in  quartz  veins,  and  considerable 
prospecting  in  the  shape  of  test  pits  and  shafts.  In  1865  con- 
siderable excitement  was  caused  by  the  discovery  of  gold 
three  miles  west  of  the  Ropes  mine  on  land  belonging  to  tbe 
Lake  Superior  Iron  Mining-company.  Some  beautiful  samples 
of  ore  were  obtained  here,  but  the  average  did  not  warrant  the 
expenditure  necessary  to  develop  a  mine,  and  the  project  was 
abandoned. 

All  of  the  auriferous  quartz  lodes  of  the  Lake  Superior 
region  are  in  rocks  of  Archean  age.  The  majority  of  them 
are  in  the  green  schists  and  are  not  of  the  class  called  "true 
fissure"  veins.  None  of  them  have  thus  far  been  markedly 
productive,  and  most  of  them  have  failed  to  yield  any  profit 
whatever.  If  there  are  any  which  promise  to  become  paying 
mines  it  must  be  because  of  cheaper  methods  of  treating  the 
ore  or  the  presence  of  better  ore  resulting  from  more  favor- 
able geological  conditions  in  their  immediate  vicinity.  For 
a  description  of  the  geology  of  the  Rainy  Lake  region  as  well 
as  the  different  "prospects"  thus  far  discovered  in  that  district 
the  reader  is,  referred  to  the  sections  of  this  report  entitled 
"General  features  and  geology,"  (p.  47)  and  "Descriptions of 
veins  in  general  and  of  individual  properties"  (p.  72). 
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GEINERAL  FEATURES  AND  GEOLOGY 

I.      GENERAL   FEATURES. 
Location. 

Tbe  area  shown  on  the  accompanying  geological  map  (plate  i) 
comprises  the  region  here  reported  on.  Roughly  speak- 
ing it  includes  the  northeastern  comer  of  Itasca  county,  the 
north-western  corner  of  St.  Louis  county  and  a  belt  of  country, 
eight  to  fifteen  miles  wide,  immediately  to  the  northward  in 
Ontario.  More  accurately  the  region  mapped  and  described 
extends  from  the  east  side  of  range  18  W.,  St,  Louis  county, 
(about  longitude  92''  34'  west  of  Greenwich),  west  to  the  west 
line  of  range  2i  W.,  Itasca  county  (atiout  lon^tude  93°  29'),  a 
distance  of  forty  two  miles;  and  from  the  south  side  of  town- 
ship 69  N.,  (about  latitude  48°  25')  north  to  latitude  48°  45',  a 
distance  of  twenty-three  miles.  The  map  thus  includes  966 
square  miles,  which  are  about  equally  divided  between  Minne- 
sota and  Ontario. 

Rainy  lake  comprises  the  larger  part  of  the  water  surface  in 
the  area  mapped.  It  extends  along  the  International  boundary 
from  Kettle  falls,  in  sec.  30,  T.  70  N.,  range  18  W.,  westward 
to  its  outlet  in  sec.  25,  T.  71-24,  a  distance  of  about  forty-one 
miles.  Less  than  one-fourth  of  the  surface  of  the  lake  lies  in 
Minnesota,  and  several  bays  extend  north  and  northwest  of  the 
area  shown  on  the  g«ological  map. 

Rainy  Lake  Cit.y,  which  was  the  first  town  started  in  this 
district  in  Minnesota,  is  situated  in  section  34,  T.  71-22,  Itasca 
county,  and  is  135  miles  in  a  straight  line  north-northwest  of 
Dulutb  and  250  miles  north  of  St.  Paul  and  Minneapolis.  Koo- 
chiching, Itasca  county,  and  Port  Frances,  Ontario,  are  on  op- 
posite sides  of  the  Rainy  river  at  Koochiching  falls,  twelve 
miles  west  of  Rainy  Lake  Oity  and  two  and  a  half  miles  west 
of  the  outlet  of  Rainy  lake. 

Topography. 

Rainy  lake  is  a  very  irregularly  outlined  body  of  water 
with  many  crooked  bays  and  numerous  islands,  which  vary  in 
size  from  mere  reefs  to  those  several  square  miles  in  extent. 
The  surface  of  the  lake,  inclusive  of  islands,  has  been  com- 
puted to  include  344  square  miles.  Its  extreme  length  is  from 
the  east  end  of  Hale  bay,  which  is  about  four  miles  east  of 
Kettle  falls,  northwestwardly  to  tbe  extremity  of  Northwest 
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bay,  in  all,  fifty-five  miles.  The  extent  of  the  lake  east  and 
west  is  forty-six  miles,  and  the  extreme  width  (north  and 
soath)  thirty-three  miles,  of  which  twenty-three  miles  are  in 
Canadian  territory.  On  account  of  the  irregular  shape  of  the 
lake  and  its  numerous  points  and  islands  there  is  do  very  con- 
siderable stretch  of  open  water,  but  in  a  few  places  the  view  is 
unobstructed  for  ten  to  fifteen  miles  in  one  direction.  That 
part  of  the  lake  lying  along  the  International  boundary  con- 
sists of  an  eastern  arm  extending  from  Kettle  falls  to  Brul^ 
narrows,  and  the  southern  side  of  the  main  part  of  the  lake 
lying  west  of  Bml6  narrows.  The  eastern  arm  is  twenty  miles 
long  (east  and  west)  and  from  two  to  five  miles  wide.  The 
main  part  of  the  lake  has  several  large  bays  running  north 
into  Ontario;  in  fact,  most  all  of  this  section  of  the  lake  lies 
north  of  the  boundary  line.  The  only  extensive  bay  on  the 
Minnesota  side  is  a  shallow  body  of  water  lying  in  the  north 
half  of  T.  70-22.  known  as  Black  bay,  or  as  Rat  Root  lake  by 
the  Indians. 

The  land  surrounding  Rainy  lake,  except  on  the  west,  slopes 
toward  tbe  lake,  which  thus  receives  the  drainage  of  a  consid- 
erable area  The  extent  of  the  drainage  basin  of  Rainy  lake 
is  some  13,440  square  mites,  of  which  4,440  are  in  Minnesota 
and  12,000  in  Ontario.  The  two  most  important  sources  of 
supply  from  Minnesota  are  the  waters  of  the  Vermilion  river 
and  those  of  the  International  boundary  chain  of  lakes.  This 
latter  source  brings  water  from  both  sides  of  the  boundary 
line  for  a  distance  of  150  miles  to  the  east-southeast  of  Kettle 
falls,  i.  e.  from  the  divide  between  the  lake  Superior  and  the 
Hudson  bay  drainage  in  T.  65  N.,  R.  2  W.,  Cook  county  (Ijetween 
North  and  South  lakes).  Rainy  lake,  whose' drainage  basin 
is  equal  to  nearly  one-fifth  of  the  area  of  the  state  of  Minne- 
sota, discharges  its  waters  through  the  Rainy  river.  This 
begins  at  the  outlet  of  the  lake  in  sec.  25,  T.  71-24,  a  locality 
known,  as  Koochiching  by  the  Indians.  Here  are  two  small 
rapids,  with  a  fall  of  three  feet,  beyond  which  the  river  flows 
westward  as  a  stream  600  to  1,200  feet  in  width  to  the  Lake  of 
the  Woods,  and  from  thence  the  waters  find  their  way  into 
Hudson  bay.  Two  and  a  half  miles  west  of  the  outlet  are  the 
Koochiching  falls  where  the  riverplunges  over  a  ledge  of  rock 
twenty-one  to  twenty-four  and  a  half  feet  high  at  different 
stages  of  water  in  the  river.  (See  plate  ii,  figure  1.)  It  isesti- 
mated  that  there  are  12,000  cubic  feet  of  water  flowing  out  of 
Rainy  lake  every  second. 
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The  altitude  of  Rainy  lake  has  not  been  definitely  determined, 
but  the  Estimate  of  Mr.  Warren  Uphatn*  of  1,115  to  1,120,  or  a 
mean  of  1,117  feet  above  sea  level,  is  probably  nearly  correct. 
The  greatest  knowo  depth  of  the  lake  is  at  a  place  about  six 
nailes  north-northwest  of  the  BrulS  narrows,  where  there  is  the 
lowest  depression  in  the  region,  or  a  depth  of  water  of  110  feet, 
while  the  average  depth  of  the  lake  is  probably  not  far  from 
forty-seven  feet.f  The  accompanying  table  gives  the  hights 
in  feet  above  the  sea  level  of  some  of  the  lakes  in  this  vicinity 
and  to  the  southward.  Those  marked  by  an  asterisk  are  accu- 
rately determined. 

TABLE   OF    ALTrrilDES  OF  LAKES. 

Raluy  lake,  1115  to  1120;  mean lin 

Kabetogama  lake 11^ 

Namekan  lake 1125 

Sand  Point  late 1126 

Crane  lake 1126 

Little  Vermilion  lake 1127 

Loon  lake 1166 

Lac  la  Croix  (Nequaguon  lake) 1186 

Iron  lake 1210 

Crooked  lake 1240 

Bassnood<Baaaimeaan)  lake *1300 

Vermilion  lake 'ISST-iaeO 

Luke  Superior *601.56 

The  Kainy  Lake  district  is  of  the  nature  of  aplateau  with  a 
very  gentle  slope  from  all  directions,  except  the  west,  toward 
the  lake.  This  plateau,  while  not  having  a  perfectly  even  sur- 
face, still  is  not  broken  by  any  considerable  elevations  or  de- 
pressions, and  altogether  has  a  decided  flatness.  The  imme- 
diate shores  of  the  lake  usually  do  not  rise  more  than  fifty  feet 
above  the  water,  and  land  100  feet  higher  than  the  lake  surface 
is  not  common.  The  highest  land  in  the  Minnesota  part  of 
this  district  is  just  to  the  south  of  Kabetogama  lake,  and 
the  highest  elevation  in  the  area  mapped  is  between  Open 
Water  narrows  and  Bear's  passitge,  where  a  ridge  rises  about 
275  feet  above  the  lake  level,  or  somewhat  less  than  1,400  feet 
above  the  level  of  the  sea.  The  lowest  depression  has  already 
been  mentioned,  110  feet  below  the  surface  of  the  lake,  or  1,007 
feet  above  the  sea.  The  average  elevation  of  the  land  is  prob- 
ably not  more  than  sixty  feet  higher  than  the  lake,  or  1,175  feet 
above  the  sea.     A  number  of  soundings  made  by  Dr.  A.  C. 

'Altitudes  between  lake  Bupetlot  and  the  Rook;  mountHlds;  U.S.  Geol.  Surrer,  Bui. 
No.  72,  p.  IS8,  lesi. 
tA.C.  LawsoDi  op.  cU„  pp.  131',  16  F. 
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Lawson  show  that  the  general  level  of  the  lake  bottom  is  about 
as  much  below  the  surface  of  the  water  as  the  adjacent  land  is 
above  it;  coDsequently  if  land  and  water  areas  were  in  equal 
amounts  the  general  level  of  the  plateau  would  be  nearly  tiiat 
of  the  surface  of  the  lake.  But,  as  the  land  surface  much  ex- 
ceeds 4<he  water,  the  average  elevation  is  some  feet  above  the 
lake  level;  and  it  is  estimated  that  the  average  elevation  of  the 
plateau  in  the  area  shown  on  the  geological  map  (plate  i)  is 
approximately  1.150  feet  above  the  sea,  or  518  feet  higher  than 
lake  Superior. 

The  remarkable  general  flatness  of  the  district  is  well  shown 
by  the  large  area  penetrated  by  water  that  stands  at  nearly  the 
same  level.  Rainy  lake  itself,  with  an  extent  of  forty-siz  miles 
eastand  west  and  thirty- three  miles  north  and  south,  may  belaid 
to  extend  through  a  rectangular  area  of  these  dimensions;  thus 
its  waters  are  spread  out  in  various  parts  of  a  district  includiof 
1,500  square  miles,  and  the  general  elevation  of  this  rectangu- 
lar district  is  not  many  feet  alsove  the  lake  surface.  While  just 
to  the  south  and  southeast  is  a  series  of  lakes,  including  Ealw- 
togama,  Namekan,  Sand  Point,  Crane  and  Little  Vermilioa 
lakes,  which  have  an  area  probably  half  as  large  as  Kainy  lake 
and  which  stand  at  a  level  only  eight  or  nine  feet  higher. 

This  plateau-like  nature  of  the  district  will  be  again  referred 
to  in  the  outline  of  the  geological  history  of  the  region,  and  a 
possible  explanation  of  the  present  topography  will  be  sug- 


In  its  general  appearance  this  district  is  characteristic  of 
much  of  northeastern  Minnesota;  it  is  a  country  of  lakes, 
swamps,  and  timbered  rocky  knolls.  The  surface,  especially 
in  the  district  here  reported  on,  is  not  truly  hilly,  but  mammll- 
.  lated  or  hummocky.  The  small  knolls  that  rise  above  the  level 
of  the  lakes  and  swamps  are  glacially  rounded  and  are  covered 
with  only  a  scant  soil,  which,  however,  supports  quite  a  luxu- 
riant growth  of  pines,  spruces,  balsam  fir,  white  birch  and 
poplar.  The  shores  of  Rainy  lake  are  generally  rocky,  but 
toward  the  western  end  sand  beaches  are  frequently  seen,  and 
the  heads  of  the  bays  are  usually  marshy  or  swampy.  Over 
large  tracts  there  are  practically  no  surface  deposits  of  glacial 
or  more  recent  origin,  the  rocks  coming  to  the  surface  whenever 
the  thin  forest  soil  is  pushed  aside.  The  surface  is  dotted  with 
numerous  lakes  and  lakelets  varying  in  size  from  an  acre  to 
bodies  of  water  a  hundred  or  more  square  miles  in  extent.  The 
lakes  are  largely  in  completely  rock-bound  basins  and  most  of 
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them  are  elongated  in  a  direction  parallel  to  the  trend  of  the 
country  rocks.  Prom  one  rocky  basin  a  short,  rapid  stream 
carries  the  water  of  one  lake  down  to  the  next  lower  basin,  and 
in  this  way  the  greater  part  of  the  drainage  is  accomplished. 
Aside  from  these  streams  there  are  over  large  areas  none  of 
any  importance  and  nothing  that  can  be  called  a  river,  but 
wherever  the  rocks  are  covered  with  considerable  quantities  of 
drift  the  lakes  become  scarcer  and  the  drainage  is  carried  on 
by  the  ordinary  rivers  and  smaller  streams.  The  outlets  of 
the  lakes  are  so  narrow  that,  after  the  melting  of  the  snows 
and  after  the  early  spring  rains,  the  waters  are  partially  dammed 
back  and  held  at  a  level  four  or  five,  or  even  ten  feet  higher 
than  normally. 

At  the  west  end  of  Rainy  lake  this  surface  of- lake  and  rock 
suddenly  gives  way  to  a  plain  of  clays,  through  which  the  un- 
derlying rock  rarely  emerges.  The  change  from  the  rocky  lake 
country  to  this  clay  plain  is  abrupt  and  very  striking,  and  is 
intensified  by  an  equally  sudden  change  in  the  flora;  the  lake 
shores  and  the  country  to  the  east  have  a  forest  largely  of  ev- 
ergreens and  boreal  in  its  aspect,  while  to  the  west  of  the  lake 
a  forest  largely  deciduous  and  more  southern  in  its  character 
appears.  Tbe  extremely  flat  surface  of  the  plain  is,  as  far  as 
altitude  is  concerned,  a  continuation  of  the  rocky  plateau  to  the 
east;  it  has  a  geatle  slope  to  tbe  west  and  is  unvaried  by  lakes 
or  other  features  except  the  shallow,  steep-sided  trenches  cut 
by  the  Rainy  river  and  its  tributaries. 

II.      GEOLOGY. 

The  rocks  underlying  this  district  are  among  the  most 
ancient  known.  To  a  considerable  extent  they  are  completely 
crystalline,  and,  while  many  of  them  bear  evidence  of  having 
been  deposited  in  water  as  true  sediments,  still  they  offer  no 
trace  of  any  fossils  and  are  regarded  by  some  geologists  as 
older  than  the  earliest  life  on  the  globe.  From  the  flat  posi- 
tion, in  which  these  strata  were  originally  deposited,  they 
have  been  elevated,  folded  and  crumpled  so  that  now  they 
stand  in  abnormal  attitudes;  and,  in  addition  to  the  mountaia 
making  forces  to  which  these  rocks  have  been  subjected,  they 
have  been  intruded  by  vast  masses  of  granitic  rock.  Thus  it 
is  difficult  to  decipher  the  exact  structure  of  the  region. 
Another  cause  of  this  difficulty  is  the  almost  universal  devel- 
opment, except  in  some  of  the  granitic  rocks,  of  parallel! 
schistose  structures,  which  are  easily  mistaken  for  sedimea>  ■ 
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tary  planes  and  which  are  not  always  parallel  to  these  places, 
although  as  a  rule  in  this  district  the  schistose  structure  coia- 
cides  in  direction  with  the  bedding.  The  general  strike  of 
the  rocks  is  from  east  and  west  to  east- northeast  and  west- 
southwest,  but  outside  ot  the  area  shown  on  the  geological 
map  the  strike  varies  much,  the  rule  .being  that  it  follows 
around  the  outlines  of  the  great  granite-gneiss  masses  of  the 
region. 

lu  age,  all  of  these  rooks,  with  possibly  the  exception  of  the 
diabase  dikes  whose  exact  age  is  unknown,  are  pre-Cambrian. 
They  are  readily  separable  into  four  distinct  groups.  Begin- 
ning with  the  lowest  these  are:  1.  Laurentiau,  composed  of 
granites  and  granitoid  gaeisses  and  attled  rocks;  2.  Coutctii- 
ching,  composed  of  mica  schists  grading  into  fine  grained 
gneisses;  3.  Keewatin,  composed  of  hornblendic,  greenish  aoQ 
sericitic  schists,  conglomerates,  graywackes,  etc.;  4.  Diabase 
dikes,  more  recent  than  and  cutting  all  the  others.  The  fol- 
lowing table  will  show  the  position  of  these  rocks  at  the  base 
of  the  geological  column,  their  equivalents  in  the  country  to 
the  southeast  of  Rainy  lake  and  their  designations  in  the  terms 
used  by  the  Geological  and  Natural  History  Survey  of  Min- 
nesota. In  the  nomenclature  of  the  United  States  Geological 
Survey  the  Keewatin  and  Coutchiching  belong  to  the  Algon- 
kian,  and  the  Laurentian  to  the  Archean  or  Basement  Comples.* 
In  the  table  the  uppermost  or  more  recent  roclis  are  placed  at 
the  top. 


Geological  Names. 

Bainy  Lake 

DlSTKICT. 

Equivalbni-s  to  the 
Southeast. 

g 

2 

■4 

Keweeuawau 

Diabase  dtke»? 

Copper-bearing  rocks 
ol  lake  Superior. 

-    Anlmlltie 

(Wanting) 

IroQ  ores  and  other 
rocks  of  the  Mes- 
abl  range. 

< 
< 

1 

KeewatiD 

Greenish  and 
sericitic  scb  1st, 
CO  agio  me  rate, 
graywackes.elf 

Iron  ores  and  other 
rocks  of  tbe  Ver- 
milion range. 

CoutchlchiDK 

Mica    scblsu 
and  flue  grain- 
ed   micaceous 

gneiss. 

Crfstallinescblstsoo 
both  sides  of  the 
Vermilion  range. 

Ladrkntian 
including  eruptives. 

Granites  and 

gneisses. 

Granlie  and  gnelSM.-s 
of  Vermilion  and 
Bass  wood  lakes. 

■Uore  Intormutlon  coDcern[Dg  tbe  deslgDationa  and  relallODs  ot  Uieae  knch 
rock^loHlQiiesotaaad  their  eqiilvalenU  In  adjacent  terrltorr  (»n  be  gal  net]  bj  n 
suiting  tbe  table  or  the  "Pie-SllurUo  Kocka  or  Mlonesota."  which  (aces  page  1  ol  i 
Sist  (1SS2J  Ana,  Itept.  Geol.  and  Nat.  Slst.  Surrer  ot  UIdd..  IBIB. 


STATE  GEOLOGIST.  53 

The  Rainy  Lake  district  has  no  rocks  more  recent  than  these 
ancient  Archean  ones,  but  scattered  over  the  surface  are  small 
deposits  of  glacial  drift,  and  just  west  of  the  lake,  as  has  al- 
ready been  mentioned,  is  a  considerable  thicliness  of  clays. 

The  Laurentian.* 

The  Laurentian  is  composed  entirely  of  completely  crystal- 
line roclis, — granites  and  syenites  with  gneisses  of  the  same 
mioeralogical  composition.  The  extent  of  territory  covered  by 
such  rocks  in  northern  Minnesota  and  adjacent  portions  of  On- 
tario is  surprisingly  great.  Nearly  a  third  of  the  region  here 
reported  on  is  underlain  by  the  Laurentian,  while  all  the  shores 
of  Rainy  lake  north  of  the  area  shown  on  the  geological  map 
are  composed  entirely  of  these  samj  rocks.  Contrary  to  expec- 
tation these  hard  granitic  rocks  do  not  always  form  pronounced 
hill  ranges,  as  is  the  case  with  the  Giant's  range  of  granitic 
hills  on  the  northern  flank  of  the  Mesabi  iron  range,  but  very 
frequently  these  areas  of  Laurentian  rock  give  a  comparatively 
level  surface  on  which  are  extensive  and  extremely  irregular- 
ly outlined  bodies  of  water.  Examples  of  these  spider-like 
lakes  stretching  over  considerable  areas  of  granite  can  l>e  seen 
in  Saganaga,  Basswood  (Bassimenan)  and  Crooked  lakes,  and 
In  Lac  la  Croix  and  a  large  portion  of  Rainy  lake  itself. 

In  color  the  Laurentian  rocks  are  white,  gray,  pinkish  and 
reddish,  the  prevailing  color  in  any  one  place  being  lai'gely  due 
to  the  color  of  the  most  important  mineral, — the  feldspar.  In 
grain  these  rocks  vary  from  those  in  which  the  individual  min- 
erals can  scarcely  be  recognized  with  the  naked  eye,  to  very 
coarse  aggregates  where  some  of  the  feldspar  crystals  are  sev- 
eral inches  across.  Most  of  these  rocks  can  be  called  granites, 
{.  e.,  they  are  granular  aggregates  of  quartz  and  feldspar  with 
a  dark  mineral,  either  black  mica  (biotite),  hornblende  or  augite. 
Sometimes  two  of  these  are  present,  and  in  other  places,  espe- 
cially in  the  coarse  grained  dikes  or  veins  which  occur  in  the 
mica  schists,  white  mica  (muscovite)  is  the  only  mineral  pres- 
ent in  addition  to  the  quartz  and  feldspar.     The  quartz  fre- 

■In  this  repon  Ibe  lerni  Laimntlan  Is  used  to  iDchide  all  the  edsIcbIc  aad  sraultla 
rookBot  tbe  Arobe&n  In  iIiIb  region.  That  many  ot  these  rocks  are  of  later  d&te  than- 
and  Intrusive  Into,  parts  of  the  Coutcblchlns  and  Keevatin,  Is  well  known:  but,  as 
such  rocka  have  general];  beeo  mapped  and  described  as  Laurentian  In  the  prevloaa 
reports  of  the  Minnesota  aucvej,  and  as  the;  have  been  aleo  deeorlbed  under  this 
term  hj  Lanson  In  hia  well  known  wrlllngB  on  the  geology  ot  that  pait  at  Ontario 
lylDB  Immediately  V>  the  north  ot  Minnesota,  and  as  such  rocks  are  generally  knuwn 
as  LaareDtlan.  the  writere  have  thought  bost  to  retain  this  term  In  the  present  re- 
port, even  though  tbla  usuajte  Is,  In  part  at  least,  a  violation  ol  the  Ideaol  Laurentian 
used  strictly  as  an  age  term. 
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qaeatly  ditnioishes  in  quantity  and  even  completely  disappears; 
such  a  rock  with  no  quartz,  or  a  very  small  amount  of  it,  is 
known  as  syenite.  In  fact  all  the  minerals  vary  greatly  in 
amount  in  the  different  parts  of  one  rock  mass.  For  example, 
a  rock  in  a  certain  place  composed  of  quartz,  feldspar  aai 
hornblende  will  vary  by  a  gradual  decrease  of  the  hornblende 
until  almost  none  is  left,  and  we  have  a  rock  composed  almost 
entirely  of  quartz  and  feldspar;  or,  as  the  hornblende  decreases, 
mica  or  augite  may  increase  and  <ve  have  a  change  from  a  horn- 
blende granite  to  a  mica  or  an  augite  granite.  The  only  min- 
eral which  is  prevalent  throughout  the  whole  of  the  Laurentian 
is  feldspar,  and  even  this  varies  greatly  in  amount  within  small 
distances. 

In  structure,  also,  the  Laurentian  rock^  differ  considerably. 
The  granites  and  syenites  are  sometimes  massive  in  appear- 
ance, i.  e.,  they  exhibit  no  schistose  or  laminated  structures; 
the  structure  is  granular,  and  every  part  of  an  exposure  is  lilie 
every  other  part,  except  perhaps  as  regards  the  relative  pro 
portions  of  the  different  minerals  or  the  fineness  of  the  grain. 
But  this  massive  appearance  is  by  no  means  prevalent  through- 
out tbe  whole  region;  it  generally  gives  place  to  a  somewhat 
schistose  or  foliated  structure.  Some  of  the  minerals  of  the 
granite  or  syenite  are  often  seen  elongated  or  flattened  in  one 
direction;  this  is  especially  true  of  the  mica.  When  this  is  the 
case  tbe  rock  breaks  more  easily  along  the  planes  in  which 
these  crystals  lie.  Or  the  rocks  may  be  crossed  by  narrow 
streaks  which  are  composed  largely  of  one  mineral  with  the 
longer  diameters  of  many  of  the  crystals  lying  roughly  paral- 
lel. At  other  times  certain  bands,  one  to  three  or  more  inches 
wide,  will  be  seen  running  through  the  rock,  each  band  being 
of  a  somewhat  different  composition  or  texture  from  the  ad- 
joinlngones.  These  foliated  and  banded  rocks  are  knoffo  as 
gneisses,  and  in  this  region  they  can  be  conveniently  desig- 
nated as  granite  gneiss  or  syenite  gneiss,  depending  upon 
whether  the  mineralogical  composition  is  similar  to  that  of  gran- 
ite or  syenite.  These  various  features  of  the  Laurentian  rocks 
allow  them  to  be  separated  into  different  classes  or  groups  both 
mi  oeralogically  and  structurally,  but  these  groups  are  frequent- 
ly seen  grading  into  each  other.  Tbe  hornblende  granite 
of  one  point  will  pass  gradually  into  a  hornblende  syenite  near 
by,  and  this  again  may  change  to  a  mica  syenite.  Again,  a 
perfectly  massive  rock  will  become  foliated  within  a  short  dis- 
tance, the  intervening  steps  between  the  massive  and  the  fo- 
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liated  or  gaeissic  rock  being  readily  traceable.  It  thus  is  often 
impossible  to  draw  a  line  between  the  various  phases  of  these 
Laurentian  rocks;  consequently  in  the  geological  map  no  at- 
tempt has  been  made  to  separate  the  different  varieties.  It  is 
unnecessary  to  describe  all  the  outcrops  of  these  rocks,  or  to 
indicate  the  areas  occupied  by  each  of  the  different  groups,  but 
a  brief  account  of  a  few  of  the  more  interesting  or  typical  oc- 
currences will  be  given  below. 

At  Koochiching  falls  the  rock  is  a  medium  gray  biotlte 
syenite;  the  component  minerals  are  white  feldspar  and  biotite, 
with  a  little  hornblende  and  epidote.  Tbis  syenite  is  massive 
in  some  places,  bub  usually  shows  a  slight  iudication  of  a 
foliated  or  gneissic  structure,  thus  approaching  a  biotito  syen- 
ite gneiss.  It  contains  many  darker  masses,  sometimes  a  foot 
or  more  in  diameter;  they  are  composed  of  the  same  minerals 
as  the  main  part  of  the  rock,  but  the  mica  makes  up  a  very 
large  proportion  of  each  dark  mass.  These  darker  masses  can 
be  referred  to  fragments  of  foreign  rock  included  in  the  syen- 
ite, or  to  segregations  of  the  basic  minerals  of  the  syenite  it- 
self. This  medium  grained  gray  biotite  syenite  is  the  usual 
phase  of  the  rock  at  the  falls.  It  is  especially  well  shown  in 
the  rocks  thrown  out  from  an  excavation  for  a  canal  at  Fort 
Frances  made  by  the  Canadian  government  some  years  ago. 
Below  the  falls  the  rock  becomes  porphyritic  with  crystals  of 
flesh  colored  feldspar  which  are  often  an  inch  in  length.  These 
crystals  stand  out  all  over  the  weathered  surfaces  of  the  rock. 
Two  islands  about  three-fourths  of  a  mile  below  the  falls  con- 
tain excellent  exposuresof  this  rock;  the  upper  of  these  islands 
is  composed  of  syenite  alone,  while  the  lower  also  shows  a  fine 
micaceous  schist,  which,  in  places,  is  seen  in  sharp  contact  with 
the  syenite;  and  in  other  places  there  is  apparently  a  transition 
from  the  syenite  to  the  mica  schist  within  a  distance  of  a 
few  feet.*  Along  the  river  above  the  falls  on  the  Canadian 
side  no  outcrops  were  seen,  but  two  exposures  of  the  syenito 
occur  on  the  Minnesota  side;  the  first  of  these  is  in  the  town 
of  Koochiching  about  where  the  north  line  of  sec.  31.  T.  71-24 
cuts  the  shore,  and  the  second  is  near  the  center  of  the  N.  ^  of 
N.  W.  i  sec.  35,  T.  71-2i.  At  the  latter  outorop  the  rock  is 
porphyritic  with  feldspar  crystals,  most  of  which  are  bright 
red  in  color,  while  a  few  are  greenish. 

In  the  N.  E.  J  of  sec.  28,  T.  71-23,  in  Rainy  lake,  is  an  island 
elongated  in  a  north  and  south  direction,  while  just  a  few 


ITtbdSaTj  Ana.  Kept.  GeoLaKd  Nat.  Hiat.;Surve;or  Minn.,  £ 


Google 


56  TWENTY  THIRD  ANNUAL   REPORT 

yards  to  the  southwest  is  another  and  smaller  island  on  which 
the  usual  relations  ot  the  Coutchlching  mica  schist  and  the 
Laurentian  granite  are  clearly  and  unmistakably  shown.  The 
latter  rock  forms  the  northeast  side  of  this  little  Island  aod 
the  former  the  southwest  side;  along  the  center  of  the  island 
the  two  are  in  contact.  The  granite  is  a  light  gray  rock  of 
medium  grain,  composed  of  white  feldspar,  which  is  probably 
largely  orthoclase,  quartz  and  biotite.  There  is  sometimes  a 
sub-porphyritie  aspect  due  to  the  existence  of  a  few  crystals  of 
feldspar  larger  than  the  other  crystals  of  the  rock.  There  is 
also  an  indication  of  a  foliated  structure  caused  by  an  indis- 
tinct streaming  of  the  biotite  and  au  elongation  of  some  of  the 
feldspars  in  one  direction.  This  is  not  pronounced  enough  to 
strictly  allow  the  application  of  the  term  gneiss,  and  the  rock 
may  be  called  simply  a  granite,  or  a  gneissic  or  gneissoid 
granite  if  it  is  desired  to  make  the  existence  of  an  indistiDct 
foliation  prominent.  This  partial  foliation  agrees  in  strike 
and  dip  with  the  mica  schist  which  stands  nearly  vertical  and 
trends  50°  to  60°  east  of  north.  At  the  contact  line,  which 
roughly  follows  the  direction  of  the  strike,  the  granite  is  not 
particularly  finer  grained,  nor  does  it  differ  otherwise  from  its 
normal  condition.  A  few  angular  fragments  of  mica  schist  are 
to  be  seen  entirely  surrounded  by  the  granite,  and  in  the  mica 
schist  are  irregular  vein-like  forms  or  dikes  running  both 
across  and  along  the  beds  of  mica  schist;  some  of  these  dikes 
can  be  traced  directly  into  the  main  mass  of  granite.  They 
are  of  all  sizes  from  a  fraction  of  an  inch  to  several  feet  in 
width.  A  hand  specimen  collected  to  illustrate  the  contact  shows 
a  small  stringer  of  granite,  one-  fourth  of  an  inch  wide,  which 
starts  out  from  the  main  mass  of  the  granite,  runs  for  two 
inches  in  the  mica  schist  and  then  gradually  thins  out  and  dis- 
appears. The  relations  of  these  two  rocks  show  conclusively 
that  the  granite  here  acts  as  an  eruptive  rock  and  that  it  has 
beun  forced,  while  in  a  plastic  or  fluid  state,  into  cracks  or 
fissures  in  the  mica  schist.  At  the  contact  the  mica  schist 
does  not  appear  much  different  from  the  same  rock  a  short 
distance  away,  but  it  is  harder  and  less  schistose,  and  micro- 
scopical examination  would  probably  show  some  mineralogical 
changes  due  to  the  heat  of  the  granite.  Another  interesting 
feature  on  this  small  island  is  the  occurrence  of  small  dikes 
of  a  finer  grained  rock  which  cuts  the  granite  itself  and  is 
therefore  of  later  date.  This  rock  is  a  very  fine  grained 
white  granite  composed  almost  entirely  of  quartz  and  feldspar: 
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it  cuts  the  m&in  granite  in  numerous  small  dikes  which  are 
two  feet  or  less  in  width.  These  dikes  are  not  finer 
grained  at  the  edges  than  at  the  centers,  and  they  do  not 
e:xhibit  any  foliation;  there  is  nothing  to  show  definitely  how 
much  ]ater  these  dikes  are  than  the  main  mass  of  the  granite, 
but  it  is  probable  that  the  two  rocks  do  not  differ  much  in  age. 
One  dike  of  this  fine  grained  white  granite  (or  aplyte)  was 
seen  in  the  mica  schist. 

Three-fourths  of  a  mile  east  of  these  islands,  on  the  blunt 
point  near  the  center  of  the  north  side  of  section  27,  T.  71-23, 
the  granite  and  mica  schist  are  again  seen  in  contact.  Here 
the  granite  exists  commonly  in  thick  bed-like  forms  between 
the  layers  of  mica  schist,  but  in  many  places  these  "beds"  are 
seen  to  be  directly  continuous  with  other  masses  of  granite 
that  cut  directly  across  the  beds  of  mica  schist.  The  contact 
of  these  two  rocks  can  also  be  seen  on  the  island  in  the  S.  B.  J 
of  sec.  22,  T.  71-23. 

It  is  not  uncommon  to  find  in  the  mica  schists  large  veias  or 
dikes  of  very  coarse  grained  rock  of  a  compositioa  similar  to 
the  granites.  In  such  places  the  iadividual  crystals  often  reach 
a  length  of  several  inches.  The  minerals  of  these  coarse 
grained  rocks  are  feldspar,  which  is  usually  pinkish  or  reddish 
and  is  either  orthoclase  or  microcline,  quartz,  and  most  com- 
monly muscovite.  The  quartz  and  feldspar  are  often  grown 
together  in  such  a  manner  as  to  form  graphic  granite,  i  e.,  a 
certain  large  mass  of  feldspar,  which  is  shown  to  be  all  one 
crystiil  by  the  extension  of  the  same  cleavage  plane  through  it, 
'  is  spotted  all  over  by  smaller  grains  of  quartz;  and  each  quartz 
grain,  when  studied  under  the  microscope,  is  seen  to  have  the 
same  crystallographic  axes  as  the  other  grains  in  the  same 
feldspar  crystal,  showing  that  these  grains  are  really  all  parts 
of  the  same  quartz  crystal.  Perhaps  a  good  illustration  of  this 
growing  together  or  interpenetration  of  feldspar  and  quartz 
can  be  had  by  likening  the  feldspar  crystal  to  a  sponge  full  of 
cavities,  which  cavities  have  all  been  filled  by  a  continuous 
mass  of  quartz.  Rocks  of  this  nature  are  quite  common  along 
the  shores  of  Kabetogama  lake,  aad  to  the  south  and  east  along 
the  International  boundary.  The  iadividual  crystals  of  feld- 
spar often  reach  surprising  dimensions.  For  instance,  in  one 
place  a  crystal  was  seeu  which  measured  actually  thirty- 
three  inches  in  length,  and  many  were  found  over  a  foot  long. 
The  locality  where  this  large  crystal  occurs  is  on  the  point 
which  is  at  the  center  of  the  W.  ^  of  S.  E.  J  sec.  19,  T.  70-18, 
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on  the  sooth  shore  of  the  eastern  arm  of  Rainy  lake.  Here 
this  coarsegrained  rock,  which  is  often  known  as pegmatyte, 
forms  large  veins  or  dikes  in  the  mica  schist.  Sometimes  these 
pegmatyte  forms  occur  in  the  granite  itself. 

A  short  distance  northwest  of  Shoal  lake  are  gold  bearing 
veins  in  an  area  which  has  been  mapped  as  granite.  The  rock 
in  which  the  veins  occur  is  somewhat  different  from  that  seen 
elsewhere,  and,  as  it  has  been  called  by  various  names,  we 
have  endeavored  to  make  a  rather  careful  examination  of  the 
specimens  we  have  of  this  rock  in  order  to  determine,  if  possi- 
ble, just  what  the  rock  is.  As  just  stated,  this  rock  has  been 
called  granite,  and  there  are  areas  in  the  midst  of  the  rock 
which  hold  the  veins  that  are  true  granite  and  which  do  not 
seem  to  be  sharply  separated  from  the  voin-holding  rock.  A 
description  of  a  specimen  from  one  of  these  granitic  areas  on 
Wicgand's  location,  A  L  75,  is  as  follows: 

Macroscopically  this  rock  is  a  gray  granite  of  medium  grain, 
and  quite  fresh,  "the  minerals  are  quartz,  feldspar  and  biotise; 
the  first  two  are  in  approximately  equal  amounts  and  compose 
three-fourths  to  five-sixths  of  the  rock.  The  feldspar  is 
whitish,  varying  to  greenish  and  pinkish,  the  latter  shade 
apparently  due  to  iron  staining. 

Under  the  microscope  the  structure  of  the  rock  is  seen  to  be 
truly  granitic.  In  addition  to  the  minerals  mentioned  above  are 
small  flakes  of  muscovite  and  a  few  greenish  areas  composed 
of  chlorite.  The  quartz  is  ordinary  granitic  quartz  containing 
bubbles  and  gas  cavities.  It  shows  undulatory  extinction,  and 
frequently  a  large  grain  has  been  fissured  into  many  smaller 
ones  which,  however,  have  not  been  separated  from  each  other 
and  so  extinguish  at  almost  Lhe  same  time.  Undulatory  ex- 
tinction and  this  fracturing  of  the  grains  are  the  effects  of  pres- 
sure on  the  quartz,  which  mineral  is  one  of  the  first  to  .show 
the  effects  of  having  been  subjected  to  pressure,  especially 
when  enclosed  in  a  hard  solid  substance  like  granite.  The  feld- 
spar is  highly  altered,  largely  to  a,  mass  of  brightly  polarizing 
flakes  and  fibres  which  seem  to  be  muscovite.  In  some  grains 
a  trace  of  polysynthetic  twinning  still  remains,  and  undulatory 
extinction  is  present.  The  feldspar  was  originally  orthoclase 
and  an  acid  plagioclase  apparently  of  the  albite-oligoclase 
series. 

To  sum  up,  this  rock  is  a  typical  medium  grained  biotite 
granite,  or  granityte,  with  the  feldspar  considerably  altered: 
the  rock  has  been  subjected  to  pressure,  as   shown  by   the 
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fractartng  of  the  quartz  and  the  undulatory  extinction  of  both 
quartz  and  feldspar,  but  no  schistose  structure  can  be  seen 
either  in  the  hand  specimen  or  in  the  slide. 

The  rock  in  which  the  veias  occur  at  Wiegand's  location, 
A  L  75,  is  a  peculiar  greenish  gray  rock  composed  of  quartz 
grains  imbedded  in  yellowish  green  groundmass.  The  quartz 
is  in  glassy  grains  of  all  sizes  up  to  those  one-fourth  of  an  inch 
across;  some  of  the  grains  are  pinkish,  due  to  iron  staining. 
The  groundmass  is  too  fine  grained  to  allow  its  constituents 
to  be  distinguished  by  the  naked  eye;  it  appears  homogene- 
ous, is  soft,  has  a  greasy  feel,  can  be  readily  scratched 
with  a  knife  and  effervesces  slightly  with  cold  hydrochloric 
acid.  A  Blight  schistose  structure  can  be  distinguished  in 
the  ground  mass.  A  few  grains  of  pyrite  occur,  but  fully  a 
third  of  the  rock  is  quartz. 

The  thin  section  shows  a  number  of  quartz  grains  of  various 
shapes  and  sizes  imbedded  in  a  groundmass  of  minute  fibers. 
The  quartz  shows  undulatory  extinction  and  fissuring  to  a  bet- 
ter degree  than  in  the  granite  just  described.  A  few  small 
flakes  of  muscovite  are  present,  also  a  small  amount  of  calcite 
and  an  opaque  yellowish  substance.  The  fibers  of  the  ground- 
mass  are  quite  small  and  polarized  in  rather  bright  colors;  they 
are  muscovite  or  sericite.  Mixed  in  with  the  fibers  are  very 
minute  grains  of  quartz  and  perhaps  also  some  of  feldspar.  At 
places  in  the  groundmass  are  irregular  areas  and  shreds  of 
feldspar;  often  these  have  a  few  flakes  of  the  mica  in  them  and 
their  edges  are  jagged,  due  to  a  penetration  of  the  fibers  into 
the  feldspar  substance.  Frequently  several  areas  of  feldspar 
in  the  same  vicinity  extinguish  together,  showing  that  they  are 
remnants  of  an  originally  larger  grain  which  has  passed  al- 
most i!ompletely  into  mica.  The  fibers  of  the  groundmass  are 
often  elongated  in  one  direction;  this  causes  the  schistose 
structure  of  the  rock. 

As  to  just  what  this  rock  was  originally,  it  is  hard  to  make  a 
positive  statement.  That  it  has  been  subjected  to  pressure  and 
shearing  is  evident  from  the  condition  of  the  quartz  and  the 
schistose  structure  of  the  rock.  It  is  also  evident  that  some 
parts,  at  least,  of  the  groundmass  are  due  to  a  breaking  down 
of  feldspar  grains,  the  remnants  of  which  are  still  present;  it 
is  not  improbable  that  most  of  the  groundmass  has  a  like  ori- 
gin. While  all  the  field  relations  of  this  rock  are  not  known, 
still  it  occurs  in  an  area  of  rock  In  which  are  parts  that  are  cer- 
tainly granite,  as  that  just  described,  and  it  does  not  seem  to 
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be  sharply  separated  from  these  certainly  granitic  areas.  Tiie 
quartz  grains  are  very  similar  to  those  in  the  granite  above 
described.  Thus  it  seems  possible,  and  indeed  probable,  that 
the  rock  under  consideratioa  was  originally  a  granite,  and  that 
it  has  been  subjected  to  pressure  and  shearing,  which  have  in- 
duced the  schistose  structure,  and  which,  with  the  aid  of  per- 
colating waters  and  perhaps  heat  also,  altered  the  original 
minerals  (excepting  tie  quartz)  to  the  present  fibrous  grouod 
mass.  The  quartz  shows  fracturing  and  undulatory  extinction, 
but  is  otherwise  unaltered  as  it  is  almost  indestructible  when 
compared  with  the  other  minerals  of  the  granite.  That  the 
rocli;  might  have  been  other  than  a  granite  it  is  impossible  at 
present  to  deny;  there  are,  however,  no  characters  that  neces- 
sarily indicate  another  origin.  The  original  nature  of  the  rock 
can  be  determined  only  by  a  careful  investigation  of  tiie  field 
relations  supplemented  by  microscopic  evidence.  But  from 
our  present  knowledge  we  would  consider _this  rock  as  most  pro- 
bably an  altered  phase  of  granite. 

The  exact  nature  and  origin  of  these  Laurentian  completely 
crystalline  rocks  in  the  Rainy  Lake  region  and  elsewhere  are 
rather  complicated  questions  and  can  not  yet  be  settled  to  the 
satisfaction  of  all  who  have  studied  them.  That  these  rocks  in 
the  region  here  considered  are  now  totally  lacking  in  charac- 
ters that  clearly  show  them  to  have  onc-e  been  clastic  like  or- 
dinary sediments  goes  without  saying.  And  there  is  no  posi- 
tive proof  that  the  more  pronounced  gneisses, — those  that  show 
alterations  of  bands  of  different  mineralogical  or  structural 
characters,  which  varieties  of  gneiss  are  notcommon, — wereonce 
sedimentary.although  the  presence  of  this  banding  and  other  less 
pronounced  foliation  is  to  some  a  strong  argument  for  an  origin- 
ally sedimentary  nature.  That  these  granitic  rocks  are  intms 
ive  in  numerous  places  into  the  Coutohiching  mica  schists,  and 
often  into  the  Keewatin  rocks,  is  absolutely  certain.  Good 
proof  of  the  metamorphism  of  the  clastic  rocks  of  the  region  to 
form  gneisses  has  not  yet  been  observed,  although  places  that. 
show  this  may  be  found  in  the  future.  Dr.  A.  0.  Lawson,  who 
is  familiar  with  this  region,  thinks  that  these  Laurentian  rocks 
represent  older  rocks  than  the  Coutchiching,  but  whether 
originally  sedimentary  or  not  is  only  to  be  guessed  at;  they 
have  been  softened  and  fused  and  while  in  this  condition  ha\-e 
been  intruded  into  the  rocks  lying  above  them  and  there  solidi- 
fied. The  following  quotation  from  this  author  will  help  to  ex- 
plain his  view: 
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TblB  group  ot  crystalllDe  rocks,  ttranltes  and  syeoltes,  foliated  aod  dod- 
Foliated,  forma  the  floor  of  the  regioo  upon  which  rest  all  other  form- 
ations tijat  are  not  in  the  condition  of  dylfe^  or  intrusive  bosses.  Re- 
garded, as  a  geological  system  oC  roclis  It  occupies  an  apparently  paradox- 
ical and  auomalous  place  Id  any  scheme  of  classification.  As  the  floor  or 
basis  upon  which  the  geological  column  of  stratiform  rocks  rests,  It  must 
be  r^i^rded  as  the  flrst  or  fundamental  system  of  rocks  of  which  we  have 
any  cogQlzaace.  If,  however,  we  luqulre  as  to  the  age  of  these  rocks,  we 
are  forced,  by  the  direct  application  of  the  simplest  principles  of  geolog- 
ical science  to  look  upon  them  as  of  later  af(e  than  certain  ot  the  series 
which  overlie  them.  We  do  not  yet  know  their  otlgiaai  condition  prior 
to  the  fusion  from  which  they  solidiQed  into  granites,  syenites  and 
gneisses.  They  may  have  been  sedimentary;  they  may  have  been  the  or- 
iginal crust  of  the  earth.  The  abstract  speculations  that  are  so  often  in- 
dulged in  on  this  and  similar  questions  have  not  decided  the  facta  of  the 
matter.  There  is  yet  no  suBlcient  ground  for  a  just  opinion  upon  It. 
But  whatever  may  have  been  that  original  condition  the  evidence  is  clear 
OQ  this  point,  viz:  that  the  fusion  and  solidlQcation.  whereby  they  were 
brought  into  their  present  condition  as  Urm  crystalline  rocks,  took  place 
at  a  period  subsequent  to  the  existence,  In  a  hard,  brittle  condition,  of 
the  stratiform  and  often  very  distinctly  clastic  rocks  which  occupy  a 
higher  place  in  the  column.  Therefore,  as  rocks,  the  members  of  this 
fundamental  system  are  of  younger  age  than  that  of  the  nearest  overly- 
ing formations.  An  analogous  case  with  which  every  geologist  is  famil- 
iar Is  that  of  dykes.  These  are  of  younger  i^e  than  the  strata  they  cut, 
although  the  main  mass,  of  which  they-  are  merely  the  apophyses,  is  tar 
inferior  to  those  strata  and  may  form  the  base  upon  which  they  rest* 

Under  this  view,  concerning  the  Laurent'ian,  the  floor  on 
which  the  Coutcbiching  rocks,  and  in  some  places  the  Keewa- 
tin.  were  deposited  is  now  entirely  unrecognizable;  it  has  been 
softened  and  moved  so  that  its  relation  to  the  Coutcbiching  is 
now  an  eruptive  ore.  On  the  other  band,  it  seem  probable  that 
parts  of  this  old  floor  are  still  preserved;  such  places,  however, 
have  not  yet  been  found  in  this  locality,  all  the  granite  and  gneiss 
areas  examined  apparently  showing  an  eruptive  relation  to  the 
Coutcbiching;  and  the  same  can  be  said  of  the  relations  of  the 
granite  and  gneiss  to  the  Keewatin.  However,  to  the  north- 
east of  Rainy  lake,  rocks  apparently  corresponding  to  the  Kee- 
watin have  been  found  unconformable  upon  an  older  series  of 
granites  and  gneissesf  supposed  to  represent  the  Laurentian; 
and  it  is  not  impossible  that  the  Keewatin  conglomerate  seen  on 
the  north  of  Shoal  lake  will  be  found  to  be  unconformable  on  the 
granite  to  the  north.  Many  problems  concerning  these  ancient 
rocks, — Laurentian,  Coutcbiching  and  Keewatin, — especially  as 
regards  their  relations  to  each  other, — are  still  unsolved,  and  it 
will  not  be  profitable  to  discuss  them  farther  here. 

•  American  Journ&l  ot  Scleoce.  3rd  aeries,  vol.  33,  [ip,  471-1^  1887. 
tH.L  Smytli;  Struoturalaeology  ot  St«ep  Bock  late,  Oat&rio;  Amer.  Jour.  Sclt, 
3.  vol.42.  pp.al7-J3I.  pi.  11.  ISBI. 
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The  Ooutchiching. 

This  series  of  rocks,  while  occupying  a  large  amouDt  ot  ter- 
ritory, is  of  comparatively  simple  character  and  will  need  but 
a  brief  description.  They  extend  along  the  south  shore  of 
Rainy  lake  from  the  outlet  east  to  Jackfish  bay,  then  for  a  dis- 
tance of  eight  miles  (to  the  line  between  Itasca  and  St.  Louis 
counties)  the  Keewatin  occupies  the  shore,  but  all  the  south 
shore  east  of  this  and  all  the  shores  of  the  eastern  arm  of  the 
lake,  with  the  exception  of  a  few  granite  areas,  lie  entirely  in 
rocks  of  this  series.  Other  small  areas  are  found  to  the  north 
of  the  belt  of  Keewatin  rocks  that  runs  east-northeast  from 
JackQsh  bay. 

Lithologically  the  Coutchichtng  is  preeminently  a  mica 
schist  formation;  with  the  mica,  which  is  mostly  biotlte.  is 
either  quartz  or  feldspar,  and  commonly  both  in  the  more 
coarsely  crystallized  facies.  The  rocks  near  the  outletof  Rainy 
lake  are  mostly  quite  fine  grained  mica  schists  or  even  gray  to 
browoish  mica  slates,  but  usually  the  Coutchiching  rock  is  a 
well  defined  mica  schist.  In  close  proximity  to  some  of  the 
granite  masses,  as  along  the  north  shore  of  Kabetogama  lake, 
the  mica  schist  becomes  quite  coarsely  crystallized  and  might 
properly  be  called  a  gneiss,  but  it  is  not  easily  confounded  with 
the  gneisses  of  the  Laurentian.  In  addition  to  the  usual  miner 
als,  others,  such  as  garnet  and  staurolite,  are  sometimes  fooDd 
in  the  mica  schists  not  far  from  their  contact  with  masses  of 
granite.  The  schistose  structure,  due  to  an  arrangement  of  the 
mica  scales  in  roughly  parallel  positions,  is  characteristic  of 
this  series.  In  many  places  there  are  rapid  alterations  of 
bands,  from  an  inch  to  several  feet  in  width,  of  slightly  difier- 
ent  mineralogical  composition,  structure  or  color;  the  position 
of  these  bands  gives  the  strike  and  dip  of  the  rock,  and  where 
they  are  lacking  the  schistose  structure  is  taken  to  indicate  the 
strike  and  dip,  as  this  structure  seems  to  be  parallel  with  the 
banding  wherever  the  two  are  seen  together.  There  is  a  vast 
thickness  of  this  monotonous  mica  schist  formation  along  the 
eastern  arm  of  Kainy  lake  and  to  the  southward;  several  esti- 
mates by  Dr.  A.  C.  Lawson  show  an  apparent  thickness  of 
about  five  miles.*  These  Coutchiching  rocka  in  several  par- 
ticulars  appear  so  much  like  ordinary  sediments  that  it  seems 
necessary  to  consider  them  as  sedimentary  beds  which  have 
been  more  or  less  recrystallized  in  situ  by  jnetamorphic  pro- 
cesses.    This  change  has  been  largely  in  the  nature  of  regional 

•  OiM)l.  and  Nat.  Hist.  SarreT  of  Canada,  new  aerlo',  vol.  !,  pp.  101-lUt  F,  USD. 
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tnetamorphisiD,  but  the  more  coarsely  crystalline  condition  of 
the  beds  in  close  proximity  to  IntrosiTe  m&sses  of  granite 
shows  that  contact  metamorphism  has  also  played  an  impor- 
tant part. 

The  relation  of  the  Coutcbiching  to  the  Laureatian  has  al- 
ready been  mentioned.  Its  relation  to  the  Keewatin  is  not  defi- 
nitely known.  The  Coatchiching,  however,  is  lithologically 
quite  distinct  from  the  overlying  Keewatin  rocks,  and  in  the 
field  it  is  a  comparatively  easy  task  to  separate  these  two  series 
of  rocks.  "Where  they  are  in  contact,  however,  they  have  the 
same  strike  and  dip  and  thus  appear  strictly  conformable.  But 
the  difference  in  lithology  between  the  Coatchiching  and  Kee- 
watin is  marked;  in  the  former  we  have  no  evidence  of  volcanic 
activity,  while  in  the  latter  there  are  numerous  proofs  of  great 
volcanic  activity,  in  fact,  the  Keewatin  can  be  said  to  be  char- 
acterized as  a  period  of  intense  and  wide  spread  eruptions. 
Moreover,  in  the  Keewatin  are  conglomerates,  which,  in  places, 
seem  to  be  basal  beds  resting  on  the  Coutchiching.  Law- 
son  •  has  consequently  inferred  an  unconformity  between  these 
two  series,  and  while  the  existeote  of  this  is  not  undoubtedly 
proven,  it  still  seems  quite  probable. 

The  Keeioatin. 
This  series  of  rocks  is  more  varied  in  lithology  than  either  of 
the  others  just  described,  and  it  is  of  more  interest  on  this  ac- 
count and  also  because  in  it  are  found  most  of  the  gold  bearing 
veins  thus  far  discovered.  The  rocks  are  conglomerates,  slates, 
sericitic,  chloritic  and  hornblendic  schists,  agglomerates,  gray- 
wackes  and  more  or  less  altered  igneous  rocks,  both  acid  and 
basic.  The  presence  of  large  amounts  of  hornblendic  and  other 
green  schists,  some  of  which  are  clearly  of  igneous  origin,  gives 
to  this  rock  series  a  prevalent  green  color,  and  this  abundance 
of  "greenstones"  and  "green  schists"'  is  one  of  the  most  char- 
acteristic and  distinctive  features  of  the  Keewatin  series. 
That  parts  of  these  green  rocks  represent  ancient  igneous 
ejections,  both  lavas  and  ash  beds,  is  absolutely  certain;  and, 
as  before  stated,  they  show  that  the  Keewatin  was  a  time  of 
violent  and  extensive  volcanic  activity.  But  the  Keewatin  was 
also  a  time  of  deposition  for  ordinary  sediments.  Much  of  the 
fra^mental  volcanic  material  seems  to  have  been  deposited  in 
vpater,  which  has  given  a  stratiform  character  to  the  beds,  and 
mixed  with  this  fragmental  igneous  matter  was  more  or  less  of 
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ordinary  seditneats;  the  two  kiads  of  deposits  evidently  grade 
into  each  other,  the  igneous  material  predominating  in  close 
proximity  to  volcanic  vents.  These  Keewatin  rocks,  like  the 
other  series,,  have  participated  in  great  earth  movemeDts, 
which  have  produced  slaty  and  schistose  structures.  The  effects 
of  these  movements  seem  to  have  been  better  registered  in  the 
Keewatin  rocks  than  elsewhere  by  a  more  pronounced  and  al- 
most universally  present  schistose  cleavage. 

'The  most  important  belt  of  Keewatin  rocks  is  that  which  is 
first  seen  on  the  south  shore  of  Rainy  lake  at  Jackfish  bay. 
West  of  here  this  belt  has  not  been  carefully  traced  out,  but  a 
few  outcrops  have  been  seen,  some  of  which  will  be  meutioned 
below.  East  of  this  bay  the  Keewatin  forms  the  south  shore 
of  the  line  between  Itasca  and  St  Louis  counties;  and  a  number 
of  islands  just  to  the  north  of  the  shore,  the  largest  of  which 
are  Grassy,  Grindstone,  Dryweed  and  Sand  Point,  are  mostly 
composed  of  the  same  rocks.  This  belt  of  Keewatin  runs  a 
little  north  of  east,  crosses  the  lake  and  extends  past  Seine 
bay  and  Shoal  and  Bad  Vermilion  lakes  and  eastward  beyond 
the  limits  of  the  map. 

To  the  west  of  Jackfish  bay  sections  were  made  south  from 
Kainy  river  in  two  places.  The  first  was  along  the  west  line 
of  sec.  35,  T.  71-24,  and  southward  for  a  mile  and  a  half 
beyond  tbe  south  line  of  this  section.  No  outcrops  were  seen; 
the  ground  passed  over  is  nearly  level  and  forms  a  part  of  the 
clay  plain  which  lies  along  the  river.  However,  in  the  S.  E.  i 
of  S.  W.  i  of  this  same  section  there  is  an  exposure  of  consid- 
erable extent  which  rises  a  few  feet  above  the  level  of  tbe 
plain.  The  rock  is  a  fine  grained  gray  sericitic  schist  or  slate 
with  no  pronounced  lines  of  sedimentation.  The  cleavage,  as 
measured  in  three  places,  runs  N.  50°  E.  (mag.)  and  stands 
about  vertical.  Parallel  with  the  cleavage  are  fine  laminas 
which,  in  the  absence  of  more  definite  indications,  are  assumed 
to  represent  the  true  sedimentary  planes  of  the  rock.  The 
second  section  was  made  from  the  lake  shore  at  tbe  outlet, 
along  the  east  line  of  range  24,  to  a  point  half  a  mile  south  of 
the  southeast  comer  of  T.  71-24.  Several  outcrops  were 
crossed,  all  of  which  present  a  schistose  cleavage  that  runs  N. 
about  50°  E.  (mag.)  and  dips  at  a  high  angle  toward  the  north- 
west. In  some  places  a  distinct  alternation  of  beds  of  different 
composition  was  seen;  these  give  the  true  strike  of  the  rock 
which,  as  far  as  seen,  coincides  with ,  the  cleavage.  The  rock 
of  these  outcrops  is  largely  a  sericitic  schist,  but  it  frequently 
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becomes  darker  colored  and  greenish  and  contains  minute 
tuninEB  of  white  siliceous  material. 

On  the  south  shore  of  Jaclifish  bay  and  on  an  island  in  this 
bay  near  the  west  line  of  sec.  26,  T.  71-23,  are  excellent 
exposures  of  conglomerate.  The  conglomerate  of  this  island, 
which  is  made  entirely  of  this  rock,  has  as  a  matrix  a  greenish 
to  grayish  fine  grained  schistose  rock  composed  of  silvery  ' 
micaceous  scales  and  other  material  which  is  too  finely  divided 
for  recognition  by  the  naked  eye.  In  some  places  the  matrix 
becomes  coarser  and  is  crowded  with  quartz  grains  the  size  of 
a  pin's  head  and  larger.  The  pebbles  of  the  conglomerate 
are  very  numerous  and  are  well  distributed  throughout  the 
rock  of  the  island;  they  vary  in  size  from  pieces  the  size  of  a 
pea  to  those  that  are  ten  inches  across.  Several  kinds  of  rock 
aie  represented  in  these  pebbles,  but  the  most  common  is 
white  or  yellowish  vein  quartz;  next  in  abundance  are  pebbles 
of  a  gray  rock  which  seems  to  be  a  very  fine  grained  granite. 
Pebbles  more  or  less  similiar  to  the  matrix  are  also  common; 
these  are  not  easily  recognized  on  fresh  fractures,  but  on 
weathered  surfaces  they  are  quite  readily  distinguished.  The 
pebbles  are  mostly  well  rounded;  this  is  especially  true  of 
those  composed  of  quartz,  which  are  very  sharply  separated 
from  the  matrix  and  can  be  easily  dislodged.  The  conglom- 
erate has  been  subjected  to  shearing  and  stretching  and  as  a 
result  the  pebbles  are  commonly  seen  flattened  in  one  plane, 
which  coincides  in  direction  with  the  schistose  cleavage  of  the 
matrix.  The  strike  of  this  cleavage  is  N.  60-65'  £.  (mag.)  and 
the  dip  is  about  vertical.  In  a  few  places  there  are  some  indi- 
cations that  the  true  strike  of  the  conglomerate  is  almost  at 
right  angles  to  the  strike  of  the  cleavage;  these  indications, 
however,  are  not  entirely  satisfactory  evidence  of  the  position 
of  the  bedding,  nor  are  there  satisfactory  evidences  that  the 
true  strike  is  parallel  with  the  cleavage.  On  the  south  shore 
of  this  bay  are  other  outcrops  of  the  conglomerate,  the  matrix 
at  this  place  being  a  green  schist.  Small  pebbles  are  not 
common  here,  most  of  those  seen  being  over  six  Inches  in 
diameter;  sometimes  they  reach  a  size  of  three  feet  in  greatest 
diameter.  These  boulders  are  largely  of  one  rock — a  rather 
fine  grained  greenish  to  pinkish  biotite  granite.  They  are 
well  rounded  and  lie  with  their  long  axes  parallel  with  the 
strike,  which  is  here  plainly  coincident  with  the  schistose 
cleavage. 
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Other  exposures  of  conglomerate  occur  to  the  east  of  Jackfisfa 
bay  on  the  south  shore  in  the  N.  i  of  sec.  31  and  the  S.  i  of  sec. 
30,  T.  71-22.  Here  the  matrix  is  a  green  hornblende  schist,  more 
or  less  siliceous.  The  pebbles  are  mostly  of  about  the  same  na- 
ture as  the  matrix  and  are  distinguishable  only  on  weathered 
surfaces.  They  have  been  elongated  in  a  direction  parallel  with 
'  the  cleavage  and  on  this  account  and  also  because  they  so  close- 
ly resemble  the  matrix,  it  is  hard  to  tell  whether  they  origin 
ally  possessed  rounded  outlines  or  not.  However,  a  few  boul- 
ders occur  at  this  place,  which  are  of  rock  similar  to  the  gran- 
itic iKiulders  in  the  exposures  on  Jackfish  bay,  and  they  are 
distinctly  and  smoothly  rounded. 

On  the  south  shore  of  Dryweed  island  in  sec  25,  T.  71-22, 
the  rock  of  the  island,  which  is  a  sericitic  schist,  becomes  con- 
glomeratic with  granitic  boulders  similar  to  those  just  meo- 
tioned. 

Another  t>elt  of  conglomerate  is  seen  along  the  north  side 
of  Grassy  and  Shoal  lakes.  The  specimens  we  have  of  this 
show  the  matrix  to  be  a  rough  green  hornblendic  schist,  some- 
times quite  rich  in  large  and  small  grains  of  quartz.  The  peb- 
bles are  of  greenstone,  black  and  red  jasper,  quartz  and  felsyte, 
many  of  them  being  well  rounded.  Just  northwest  of  Sboal 
lake  this  conglomerate  is  found  resting  directly  upon  the  gran- 
ite mass  of  Bad  Vermilion  lake.  The  exact  contact  line  is  ex- 
posed for  some  distance,  and  small  patches  of  the  conglomerat«, 
which  are  easily  dislodged  are  found  lying  directly  on  the  sur- 
face of  the  granite.  Although  a  casual  examination  failed  to 
find  any  pebbles  in  the  conglomerate  that  could  be  certtunly 
referred  to  the  underlying  granite,  still  the  relations  of  the 
two  rocks  at  this  place  seem  to  indicate  that  the  conglomerate 
is  unconformable  on  the  granite. 

Another  typical  rock  of  the  Keewatin  series  is  seen  in  the 
S.  i  of  sec.  29,  T.  71-22.  The  conglomerate  to  the  west  ot 
this  gradually  loses  its  greenish  character  and  becomes  lighter 
colored  and  siliceous  on  going  eastward;  at  the  same  time  the 
boulders  become  less  numerous  and  finally  disappear  alto- 
gether, and  we  have  a  rock  that  is  fine-grained,  hard,  tough, 
siliceous,  and  silvery  gray  in  color.  This  rock  forms  bare, 
rounded  knobs  in  sec.  29  and  is  quite  massive  in  appearance. 
It  continues  eastward  to  form  Grindstone  and  Dryweed  islands, 
but  on  these  Islands,  especially  the  latter,  it  becomes  softer 
and  more  schistose,  forming  a  siliceous  sericitic  schist.  It  also 
in  places  shows  evidences  of  bedding  which  is  parallel  with 
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the  schistose  structure,  aod,  as  mentioiied  above,  it  becomes 
conglomeratic  on  the  south  shore  of  Dryweed  island  in  sec.  25, 
T.  71-22. 

Just  to  the  south  of  this  belt  of  siliceous  sericitic  schist  lies 
a  belt  of  greenish  schists,  which  are  of  interest  for  the 
reason  that  in  them  are  found  the  veins  that  have  been  most 
exploited  for  gold.  This  belt  of  rock  comes  to  the  shore 
in  the  N.  B.  i  of  N.  W.  i  of  sec.  32,  T.  71-22,  and  con- 
tinues eastward  forming  the  islands  in  the  N.  i  of  N.  W.  i 
of  sec.  33,  the  most  easterly  of  these  islands  being  the  out*  on 
which  the  Little  American  mine  is  located.  The  south  shore  of 
the  lake  eastward  from  Rainy  Lake  Oity  to  the  line  between 
Itasca  and  St.  Louis  counties  is  skirted  by  this  belt  of  rock, 
aod  the  islands  in  the  S.  E.  ^  of  sec.  27,  the  S.  E.  i  of  sec.  26, 
the  S.  i  of  sec.  35,  T.  71-22,  and  some  small  reefs  near  the  cen- 
ter of  sec.  fJO,  T.  71-21,  are  composed  of  the  same.  This  belt  of 
schists  varies  somewhat  in  lithology,  being  composed  of  seri- 
citic, chloritic  and  homblendic  schists,  which  are  quite  fine 
grained  and  usually  quite  siliceous.  The  smaller  and  more 
eastern  of  the  islands  in  the  S.  E.  i  of  sec.  26  has  a  small 
amount  of  more  acid  and  lighter  colored  rock  than  is  usual 
in  this  belt.  This  rock  consists  of  scattered  quartz  grains  im- 
bedded  in  a  siliceous  and  schistose  matrix;  it  perhaps  repre- 
sents an  ancient  quartz  porphyry. 

Further  mention  and  description  of  parts  of  the  Keewatin 
will  be  found  in  the  section  entibled  "Description  of  veins  in 
general  and  of  individual   properties." 

T/te  diabase  dikes. 
These  are  not  very  numerous  in  the  area  here  reported  on, 
and  the  total  amount  of  such  rock  is  very  insignificant  when 
compared  with  the  rocks  of  the  three  series  already  described. 
The  dike  rock  is  dark,  tough  and  heavy;  it  varies  much  in 
grain  in  the  larger  dikes  according  to  the  distance  from  the 
dike  walls,  the  interior  being  coarser  than  the  exterior.  The 
rock  is  usually  an  ordinary  diabase,  with  the  ophitic  structure, 
and  is  composed  essentially  of  augite  and  plagioclase  feldspar. 
Several  dikes  were  seen  in  the  syenite  a  short  distance  below 
Koochiching  falls,  and  a  larger  one  occurs  in  the  same  rock  in 
the  N.  W.  i  of  sec-  35,  T.  71  24.  The  largest  dikes  seen  are 
those  near  the  mouth  of  Jackfish  bay;  while  these  two  are  not 
strictly  parallel,  they  both  have  a  general  north  west- southeast 
direction.     The  moreeastemof  thesecuts  through  rocbswhiah      ~,,-,|p 
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belong  to  the  three  rock  systems  of  the  regrion.  The  exact  age 
of  these  dikes  is  not  known.  They  are,  however,  later  than  all 
the  other  rocks  of  the  region  which  they  cut,  and  they  have 
not  been  sabjected  to  the  same  forces. which  produced  bo  pro- 
nounced cleavages  in  the  older  rocks.  During  the  Keweena- 
wan  time  there  were  great  numbers  of  basic  eruptions  and 
injections  in  the  Lake  Superior  basin,  and  the  dikes  of  the 
Rainy  Lake  region  may  perhaps  date  from  the  same  time. 

Olacial  depoaits. 

As  has  already  been  stated,  the  rocks  around  Rainy  lake  are 
usually  not  covered  by  elacial  drift  or  later  deposits,  la  some 
places,  however,  there  are  small  areas  where  there  are  thin 
sheets  of  till  concealing  the  bed  rock,  and  glacial  boulders  are 
common  throughout  the  whole  region.  The  general  direction 
of  glacial  movement  across  the  Rainy  Lake  basin,  as  shown  by 
scratches  on  the  rocks,  was  from  northeast  to  southwest.  Be- 
low are  given  a  few  heretofore  unpublished  courses  of  gliurial 
striee  in  the  Rainy  Lake  region  referred  to  magnetic  north.* 

Center  of  W,  side  of  S.  E  i  sei;.  19,  T.  70-18,  8.  store  of 
Raloylake S.3IM5W. 

N.  B.  i  N.  W.  isec.  30,  T.  71-23,8.  shore  of  Rainy  lake S-Mff. 

W,  line  of  sec.  29,  T.  71-23,  S.  shore  of  Rainy  lake S.  WW.    . 

S.  W.  i  S.  W.  1  sec  29,  T.  71-22,  S.  shore  of  Rainy  lake 8.  to  W. 

S.  W.  i  S.  E.  1  sec  28,  T.  71-22,  E.  end  of  GrlDdsUme  Island, 
Rainy  lake S.33W. 

TS.  W.  i  N.  W.  i  sec.  30,  T.  71-21,  small  Island  at  E.  end  of 
Dryweed  island,  Riiny  lake S.  42  W. 

The  level  area  devoid  of  rock  which  begins  at  the  west  end 
or  the  outlet  of  Rainy  lake,  is  underlain  by  a  considerable 
thickness  of  glacial  deposits.  These,  deposits  consist  of  clays, 
which  are  often  calcareous  and  sandy  and  are  quite  frequently 
bluish  in  color.  Scattered  throughout  these  clays  are  small 
pebbles  of  various  kinds  of  rocks,  the  most  common  of  which 
is  a  fine  grained  yellowish  or  pinkish  limestone;  sometimes 
fragments  of  this  limestone  are  found  which  contun  a  few  fossil 
remains.  These  clays  are  thought  tohave  been  deposited  from 
melting  ice  and  from  streams  flowing  into  the  glacial  lake 
Agassiz.  This  lake  covered  the  Red  river  valley,  the  Lake  of 
the  Woods  and  Rainy  lake  areas,  and  a  large  amount  of  terri- 
tory to  the  west  and  northwest  at  the  close  of  the  Glacial  per- 

*Otber  ]\st»  <>(  gloolkl  stride  la  ibis  rejEno  have  been  publiabed  b;  A.  C.  Liksm 
(Geol.  Surv.  Cbaada.  vol  3.  pp.  mF-:WP.  IjFV);  H.  V.  WlDoheU  (Ulnn.  GeoL  SurveT< 
ITlb  Ann.  Ropt..  1G88)I  Warren  rphsm  (Mina.  Qeol.  Stiivej,  ttd  Aaa.  Sept.,  fp.3iM. 
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iod;  the  history  and  deposits  of  this  great  glacial  lake  have 
been  carefully  investigated  by  Mr.  "Warren  Upham.*  The 
thickness  of  the  clay  deposits  along  that  part  of  the  Bfuny 
rivershowQonthegeologicalmap  probably  does  not  much  exceed 
forty  feet;  in  general,  the  hight  of  the  river  banke  above  its 
bed  is  a  direct  measnre  of  the  thickness  of  the  clays. 

There  are  no  post  glacial  formations  in  the  region  except  the 
usual  soil,  vegetable  accumulations  in  swamps,  and  a  few  sand 
beaches,  mostly  derived  from  the  clays  by  the  washing  and 
sorting  action  of  the  lake's  waves. 

Auriferous  gravels  forming  placers  are  not  known  about 
about  Rainy  lake.  Some  search  for  placers  has  been  made, 
but  there  seems  to  be  no  probability  that  any  will  be  found. 

Auriferous  gravels  may  have  existed  in  some  of  the  old 
wat«r  courses  just  before  the  Qlacial  period,  but  if  they  did 
thus  exist,  which  is  improbable,  they  were  entirely  removed  by 
glacial  agencies.  Since  that  time  there  has  been  no  erosion 
violent  enough  to  produce  any  gravel  deposits.  To  be  sure, 
gravels  can  be  found  in  some  of  the  depressions,  but  these  are 
of  glacial  origin,  and  consequently  are  not  necessarily  derived 
from  the  auriferous  rocks  near  at  hand,  but  may  have  been  and 
probably  were  transported  many  miles;  moreover,  in  the  gla- 
cial gravels  there  has  been  no  assorting  of  the  various  con- 
stituents and  concentration  of  the  heavier  portions,  and  so  the 
gold,  if  it  does  exist  in  the  gravels,  is  scattered  through  them 
indiscriminately  and  in  such  minute  quantities  as  to  preclude 
the  possibility  of  profitable  working. 

Sketch  of  the  geological  history. 
The  oldest  sedimentary  rocks  of  which  we  have  knowledge 
in  the  Kainy  Lake  region  are  the  mica  schists  of  the  Coutchi- 
chiog,  bat  what  composed  the  surface  upon  which  these  rocks 
were  deposited  is  now  unknown.  An  immense  thickness  of 
nearly  uniform  deposits  was  built  up  during  Coutchiching  time, 
and  at  the  end  of  this  period  of  deposition  there  was  possibly 
a  period  of  cessation  of  deposition  accompanied  by  elevation  of 
the  land  above  the  sea  level  and  by  erosion.  But  whatever  the 
events  at  the  close  of  the  Ck)utichiching.  we  know  that  at  the 
beginning  of  the  Keewatin  time  there  was  a  change  from  the 
deposition  of  uniform  rather  acid  rocks  to  deposits  of  the  most 

*aeol.  nnd  Nat,  HUt.Surv.oI  Minn,.  Iltb  (1683)  Ann.  B«pc.,  pp..  liiMKI.  1961.  Ibid.. 
FlnBl  Kepi.,  sol. !.pp.Sl?-5a7,lf*8.  U.  9.  Geol.  Sutvey.  Bull.  30.  iB87.  Geol.  Surv.  of 
Oanadu,  Ann.  Rept.,  nev  series,  vol.  4,  pp.lE-IStE,  ISOO,  Alsi)  In  a  tortbcomlng  niouo- 
Rrapb  at  tbe  U.  S.  Geo).  Survey  entitled  '-The  Olactal  Lake  AgHssli." 


>yC00glC 


70  TWENTY-THIBD   ANNDAL   REPORT 

varied  nature,  in  which  basic  volcanic  material  played  an  im- 
portant part.  The  Keewatin  was  a  period  of  rapid  deposition 
and  wide  spread  volcanic  activity.  After  the  end  of  Keew&tin 
deposition  there  was  a  period  of  elevation  and  intense  foldiog. 
crumpling  and  shearing  of  the  then  existing  strata,  accompanied 
by  the  intrusion  of  enormous  masses  of  granitic  rock.  The 
rocks  were  much  altered  or  metamorphosed  at  this  time  by  the 
dynamic  forces  to  which  they  were  subjected  and  also  by  the 
close  proximity  of  large  masses  of  intrusive  rock;  thus  the 
strata  underwent  regional  metamorphism,  more  or  less  pro 
nounced  throughout  the  district,  and  contact  metamorphism 
where  intruded  by  the  granitic  masses.  We  know  that  tlie 
folding  and  alteration  took  place  in  post-Keewatin  time,  and, 
from  the  relations  of  similar  rocks  to  the  Animikie  southeast 
of  Rainy  lake,  we  suppose  that  it  occurred  in  pre-Animikie 
time.  This  period  of  folding  and  alteration  probably  left  the 
strata  in  approximately  the  same  position  and  crystalline  con- 
dition as  we  now  And  them.  The  accompanying  cut  (fig.  1) 
will  show  the  general  relations  of  the  rocks  of  the  Rainy  lake 
region  after  this  period  and  after  the  erosion  to  which  they 
have  been  subjected  up  to  the  present  time.* 


Fin.  1  .-Gen  era  lilted  seoUon  north  and  south  throunh  the  Balny  Lake  rejii'm. 

Some  time  after  the  events  just  spoken  of,  poisibly  in  Ke- 
weenawan  time,  the  rocks  of  the  region  were  cut  by  the  dia- 
base dikes. 

From  the  end  of  the  Keewatin  time  to  the  present  we  have  no 
proof  that  the  land  has  ever  been  below  sea  level  nor  that  it  has 
ever  been  covered  by  post-Archean   deposits  ,   excepting,  of 

•ItlsiinfteprtHniblp  that  on  future  Btudy.  after  oaref iillj  plottlnn  the  dips  and 
BtrlkOB.  the  roldlog  of  this  realnn  will  be  found  to  be  much  more  oomplox  than  tbb 
geaerallzed  cut  Indicates.  For  Inatance.  what  Is  repreaonted  asaslnKle  s.vDcllDelB 
the  Keeiratln  may  really  oonsist  of  aeveral  closely  compreasad  synclIneiaDd  aoir- 
cUnfiB-  Bill  as  yet  data  are  not  at  hand  to  show  the  exiatence  of  these  numenius  small- 
er folds. 
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course,  the  deposits  of  the  Glacial  epoch.  It  is  possible  that  the 
Cretaceons  ocean  may  have  extended  over  this  region,  as  strata 
of  that  age  are  found  in  northeni  Minnesota  along  the  Big  and 
Little  Fork  rivers  and  on  the  Mesabi  iron  range.*  If  such 
strata  ever  did  exist  in  the  Rainy  Lake  district,  all  traces  of 
them  have  been  removed  by  erosion. 

From  Keewatin  time  to  the  present,  through  all  the  immense 
period  during  which  in  other  plEWies  were  deposited  the 
rocks  of  the  Taconic,  Cambrian,  Silurian,  Devonian,  and 
other  series  up  to  the  present  period,  or  at  least  during  a 
considerable  portion  of  this  time  (for  strata  may  have  been  de- 
posited here  during  some  of  these  periods  and  afterwards  re- 
moved), we  must  assume  that  this  region  was  above  the  sea 
level  and  was  thus  subjected  to  erosion.  After  the  folding  the 
surface  was  probably  mountainous,  and  the  amount  of  rock  re- 
moved must  have  been  enormously  great;  the  number  of  hun- 
dreds of  feet  that  the  surface  has  thus  been  lowered  can  not  be 
estimated.  The  effect  of  this  long  continued  erosion  was  to 
gradually  reduce  the  surface  of  the  land  to  a  lower  level  and 
finally  when  sufBcient  time  had  elapsed,  an  approximately  flat 
surface  not  far  above  sea  level  would  result.  The  probability 
of  the  production  of  such  a  flat  or  base-leveled  area  in  Min- 
nesota and  Manitoba  during  Tertiary  and  early  Quaternary 
times  has  been  shown  by  Mr.  Warren  17pham,f  and  this  cause 
will  very  conveniently  explain  the  generally  flat  and  plateau- 
like character  of  the  Rainy  Lake  region.  Since  the  production 
of  this  base  level  the  hard  Archean  rocks  have  not  been  deeply 
eroded,  and  the  surface  consequently  still  retains  approxi- 
mately this  base-leveled  topography. 

Glacial  agencies  have,  since  the  base-leveling,  removed  any 
decayed  rock  or  other  material  that  may  have  remained  on  the 
rocky  surface,  and  have  produced  the  gently  rounded  and  hum- 
mocky  surface  now  existing.  Since  glacial  time  the  Archean 
area  has  suffered  practically  no  erosion,  the  lakes  and  streams 
following  the  depressions  and  irregularities  which  remained 
at  tbe  departure  of  the  ice-sheet  The  clayey  plain  to  the 
west  of  Rainy  lake  also  shows  evidences  of  having  been  sLih- 
jected  to  erosion  for  but  a  short  period,  and  even  during 
this   time  the  erosion  has   not   been  extensive  or    violent. 

•  H.  V.  WInchell:    Oaol.  and  Nat.  Hist.  Surv.  Of  MIdd..  ITth  (1837)  Add.  Bept.,  1988- 
Amer.  Qeol.,  vol.  12,  pp.  220-223.  Oct.,  ISOS. 
J.E.  Spurr:  Gsol.  aod  Nat.  Hist.  Surv.ot  Hion.,  Bull.  10,plB.  10  and  11,  IBM. 
tAmer,  GboI..  toI.  14,  pp.  Z3S-21B.  Oct.,  ISH. 
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The  surface  is  still  monotonously  flat  except  for  the  narrow, 
steep-sided,  shallow  trenches  cut  into  it  by  the  Rainy  river 
and  its  tributaries;  and  only  the  largest  of  these  streams 
have  cut  entirely  through  the  Itlanket  of  clays  down  to  the  nn- 
derlying  rock,  while  none  of  them  have  excavated  channels  in 
the  rock  Itself.  This  clay  plain  thus  presents  the  peculiaritieii 
which  are  characteristic  of  a  topographically  young  surface. 


DESCRIPTION  OP  VEINS  IN  GENERAL  AND  OP  INDI- 
VIDUAL PROPERTIES. 

At  the  time  this  examination  was  conducted  but  Uttle  more 
than  a  year  had  elapsed  since  the  Grst  shot  was  fired  in  a  gold 
quartz  vein  on  Rainy  lake.  Remote  from  railroads,  with  not 
even  a  wagon  road  at  that  time  to  connect  it  with  the  rest  of 
Minnesota,  this  region  must  of  necessity  have  a  slower  devel- 
opment than  other  new  districts  of  equal  natural  resources  but 
greater  accessibility.  Reached  by  a  hundred  or  more  miles  of 
canoeing,  Rainy  lake  had  prior  to  1894,  been  seen,  aside  from 
those  who  traveled  the  "Dawson  loute"  in  the  "seventies,"  only 
by  a  few  trappers,  pine  estimators,  explorers  and  natives.  The 
lew  farmers  and  traders  who  remained  on  Rainy  liver  after 
this  route  across  the  country  from  Port  William  to  Port  Garry 
was  abandoned — owing  to  the  construction  of  the  Canadian 
Pacific  railway — rarely  left  their  farms  or  trading  posts  to  go 
to  Rainy  lake;  and  the  few  lumbermen  engaged  in  their  work 
around  the  lake  were  there  only  when  the  rocks  were  covered 
with  snow.  So  it  is  Uttle  to  be  wondered  at  that  the  quartz 
veins  remained  undiscovered  and  undisturbed.  Gold  is  usually 
found  in  placers  and  from  them  traced  to  the  lodes  whose  rot- 
ting has  produced  the  placers.  But  here  there  are  no  placers, 
and  the  veins  are  not  rotted  to  any  depth, — another  reason  why 
they  might  easily  be  overlooked  or  condemned  as  barren.  Bu^ 
explorers  for  mineral  deposits  have  sharp  eyes.  They  exam- 
ine everything  that  falls  beneath  their  gaze.  With  pick  and 
pfui  they  pound  up  and  wash  every  piece  of  rock  that  has  a 
rusty  stain,  every  fragment  of  quartz  that  comes  into  their 
hands.  To  them  one  species  of  rock  is  as  good  as  another-  In 
fact  they  frequently  cannot  tell  the  rocks  apart  or  any  of  their 
names  correctly.  But  an  explorer's  unaided  eye  can  often 
detect  at  a  glance  a  speck  of  gold  that  a  mineralogist  migbt 
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pass  over  with  a  magnifyiDg  glass.  His  scent  is  keen  and  his 
zeal  unflagging-  Thus  it  happens  that  he  sometimes  stumbles 
upoD  discoveries  in  unexpected  places. 

The  recentnesb  of  gold  discoveries  at  Kainy  lake,  and  its  re- 
moteness from  railroads  has  delayed  development.  It  can 
hardly  be  sud  that  there  are  any  mines  as  yet  in  the  entire  dis- 
trict The  depth  of  the  deepest  shaft  did  not  exceed  45  feet 
at  the  time  of  examining  it,  and  there  are  no  underground  lev- 
els. But  one  5-staimp  mill  is  thus  far  set  up  in  the  region— 
that  of  the  Little  American  company,  and  not  more  than  500 
tons  of  ore  have  been  milled.  The  result  of  operations  here, 
however,  has  been  sufficiently  encouraging  to  induce  several 
other  companies  to  order  mills,  and  it  is  expected  that  there 
will  he  half  a  dozen  mills  in  operation  before  the  end  of  1895. 

Throughout  the  region  quartz  veins  are  common  and  even 
abundant,  but  most  of  them  are  small  and  insignificant  and  con- 
tain no  minerals  of  economic  importance.  These  small  veins, 
known  as  gash  veins,  cut  the  rocks  in  various  directions  as 
narrow  ribbons  which  gradually  taper  to  a  point  and  disappear; 
they  are  thus  of  limited  length  and  are  at  most  only  a  few 
inches  wide,  the  majority  being  less  than  one  inch  across.  They 
are  found  in  all  the  rock  series  of  the  region  and  are  especially 
noticeable  in  some  of  the  gneisses  and  granites.  These  small 
gash  veins  are  not  known  to  be  of  any  value,  and  exploitation 
of  them  Is  useless. 

The  prospecting  for  gold  is  now  being  conducted  in  three 
different  classes  of  deposits,  if  we  include  those  of  the  Canadian 
side  as  well  as  those  in  Minnesota.  These  three  classes  are  <  1) 
segregated  veins,  (2)  fissure  veins,  (3)  fahlbands;  the  first 
two  being  properly  called  veins,  the  last  being  rather  belts  of 
the  country  rock  charged  with  an  unusual  amount  of  metalli- 
ferous material. 

I.      SEGREGATED  VEINS. 

The  veins  on  the  south  side  of  Rainy  lake  and  hence  all  those 
in  that  portion  of  the  gold  district  which  lies  in  this  state,  are 
of  the  variety  known  as  "segregated  veins."  They  are  con-  ■ 
formable  with  the  bedding  or  foliation  of  the  schists,  but  their 
^angue,  being  chiefly  quartz,  differs  entirely  in  mineralogical 
composition  from  the  enclosing  rocks.  This  class  of  veins  may 
extend  with  unbroken  continuity  for  a  considerable  distance 
through  the  country  rock,  or  may  form  lens-shaped  bodies  of 
limited  extent,  occupying  a  more  or  less  distinctly  defined  belt 
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of  country.  They  vary  ia  thicksess  from  an  inch  to  five  or 
more  feet,  and  may  extend  continuously  for  Sfty  or  a  haodred 
feet,  or  may  pinch  outin  a  shorter  distance.  When  one  of  these 
quartz  lenses  is  found,  usually  others  exist  close  by  in  the 
direction  of  the  strike;  and.  moreover,  two  or  three  of  these 
lenses  may  be  found  side  by  side,  or  overlapping  each  other, 
being  separated  by  only  a  few  inches  of  the  country  rock. 
Thus  there  commonly  exists  a  belt  of  rocl£,  from  one  to  ten  or 
even  more  feet  in  width,  in  which  quartz  lenses  are  coaunon; 
and  in  this  belt  the  rock  around  the  lenses  is  more  or  less  com- 
pletely impregnated  with  quartz-  To  this  belt  of  qoartzose 
rock,  including  the  quartz  lenses,  the  miners  and  explorers 
loosely  apply  the  term  vein.  The  "vein"  may  thus  be  several 
feet  in  width,  but  it  is  not  composed  wholly  of  vein  material; 
in  fact,  it  is  seldom  more  than  half  quartz,  and  usually  the 
quartz  makes  no  more  than  one  fourth  of  the  total.  The  accom- 
panying figure  represents  the  surface  exposure  of  one  of  these 
veins;  it  also  rep^es^ats  fully  as  well  a  vertical  cross  section  of 
the  vein.  The  areas  of  undulatory  lines  indicate  the  country 
rock  and  the  darker  areas  the  quartz  lenses,  while  the  dotted 
area  represents  the  belt  of  country  rock  which  is  more  or  less 
impregnated  with  quartz.  The  last  two  parts  form  the  veio, 
using  this  term  in  its  larger  sense. 


FiO.  S.— Oenernllzed  aurfnce  sectlOD  otone  ot  the  segregated  veins. 

The  minerals  occurring  in  the  veins  are  not  many.  The 
lenses  are  composed  of  pure  white  coarsely  crystallized  quarta; 
sometimes  no  other  mineral  is  present.  Usually,  however,  and 
always  in  the  gold-bearing  veins,  there  is  some  pyrite  and  a 
dark  chloritic  material  which  can  generally  be  referred  to  frag- 
ments of  the  country  rock.  Pyrite  is  also  frequently  dissemi- 
nated through  the  quartz -impregnated  rock  which  surrounds 
the  lenses.  The  gold  occurs  associated  with  the  pyrite.  but 
sometimes  small  flakes  can  be  seen  in  the  white  quartz  appar- 
ently entirely  separated  from  the  pyrite.  Where  the  veins  have 
weathered  or  decayed,  particles  of  gold,  the  size  of  a  pin's  head 
or  occasionally  much  larger,  can  be  found  on  the  surface  of  the 
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vein  in  cavities  left  by  the  decay  of  the  pyrite.  Most  com- 
monly no  ^Id  is  visible  to  the  unaided  eye.  The  gold  is 
confined  principally  to  the  quartz  lenses,  but  also  occurs  in 
small  amounts  in  the  quartzose  rock  around  the  leases. 

These  veins  vary  considerably  in  width  and  in  the  amount  of 
quartz  and  the  number  of  quartz  lenses  in  them.  A  vein  that 
is  ten  feet  wide  and  half  to  two-thirds  quartz  in  one  spot  may 
vary  in  the  distance  of  a  few  rods  to  half  that  width  and  may 
contain  not  more  than  a  fifth  part  quartz;  or  on  account  of  the 
absence  of  the  quartz  lenses  it  may  be  almost  unrecognizable. 
Further  on  it  may  widen  out  and  contain  a  large  number  of  the 
lenaes.  Variation  in  the  amount  of  gold  seems  to  be  as  common 
and  as  pronounced  as  variation  in  width  or  number  of  quartz 
lenses. 

On  accouDt  of  the  water  covered  areas  and  those  covered  by 
swamps  or  soil,  no  vein  has  been  traced  any  great  disLance. 
but  in  all  probability  they  will  frequently  be  found  to  extend 
more  or  less  brokeoly  for  several  miles.  The  vein  of  the  Lit- 
tle American  mine  appears  again  on  the  island  just  to  the  west 
of  the  one  on  which  this  mine  is  situated;  while  to  the  east  and 
in  the  direction  of  the  strike  apparently  the  same  vein  appears 
at  several  places: — on  the  south  shore  of  Rainy  lake  in  the  S. 
W.  i  of  S.  W.  i  sec.  26,  T.  71-22;  in  the  S.  E.  i  of  S.  E.  1  of  the 
same  section;  and  also  on  the  island  in  the  S.  W.  i  of  S.  W.  ^ 
sec.  25.  Thus  when  a  vein  is  known  at  one  point  it  can  confi- 
dently be  searched  for  again  in  other  exposures  along  the 
strike,  but  nothing  can  be  safely  predicted  as  to  its  size  and 
richness  at  other  points.  These  facts  can  be  determined  only 
by  exploitation  and  assays,  but  a  vein  which  has  a  coosiderable 
width  and  richness  at  one  point  will  more  probably  have  the 
same  characters  at  other  points.  In  making  these  statements 
concerning  the  extent  of  certain  veins  over  considerable  dis- 
tances reference  is  had  only  to  Ifae  larger  and  more  pronounced 
ones,  i.  e.,  those  which  are  several  feet  in  width  and  which  have 
a  number  of  quartz  lenses  lying  side  by  side  or  nearly  so.  Sin- 
gle lenses  of  quartz  are  not  uncommonly  found,  but  these  are 
of  only  small  size  and  others  can  not  always  be  found  by  fol- 
lowing along  the  strike  of  the  first. 

As  has  been  already  stated  these  veins  run  parallel  to  the 
strike  of  the  cleavage  of  the  country  rock.  They  are  thus  nar- 
row beds  now  standing  in  a  nearly  vertical  position  and  extend- 
ing indefinite  distances.  They  occur  in  the  rocks  of  both  the 
Keewatin  and  Coutchiching.     The  veins  found  in  the  Coutchi- 
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chiiig  rocks  are  almost  entirely  of  pare  quartz,  coDtainiag  very 
little  other  mineral  matter.  They  are  very  poor,  or  entirely 
lacking  in  gold.  None  of  the  veins  in  this  series  of  rocks  have 
as  yet  proved  of  value.  The  veins  in  the  Keewatin  rocks  are 
richer  and  are  the  only  ones  in  which  paying  amounts  of  gold 
have  been  found  on  the  Minnesota  side  of  the  lake.  The  best 
veins  occur  in  the  greenish  schists  of  the  Keewatin.  As  far  as 
known  the  most  promising:  helt  of  this  rock  is  that  which  comes 
to  the  shore  at  the  head  of  the  bay  in  the  N  ^  of  sec.  32,  T.  71- 
22,  and  extends  eastward  from  there,  including  the  Little 
American  island  and  those  just  to  the  west  of  it,  a  narrow  strip 
along  the  south  shore  of  the  lake  eastward  from  Rainy  Lake 
City  to  the  west  line  of  St.  Louis  county,  and  the  small  islands 
just  to  the  north  of  this  shore.  Another  belt  of  this  rockjusi 
touches  the  north  side  of  Dryweed  island  and  in  it  is  the  Lyle 
mine,  near  the  center  of  the  S.  E.  J  of  sec.  28,  T.  71-22. 

A  consideration  of  the  manner  in  which  these  veins  were 
probably  formed  may  throw  some  light  on  their  exact  nature. 
The  cleavage  planes  of  the  country  rock,  parallel  to  which  lie 
the  veins,  while  trending  on  the  whole  in  one  general  direction, 
still  vary  to  a  certain  extent  in  their  directions  in  distances  of 
a  few  inches  or  feet,  i.  e.,  they  are  undulating.  An  attempt 
was  made  to  indicate  this  fact  in  the  cut  (figure  2,  page  74) 
representing  a  section  of  one  of  these  veins;  here  the  undulat- 
ing lines  represent  the  cleavage  planes  of  the  rock.  This 
cleavage  is  seen  to  be  undulating  or  wave-like  in  form  in  a 
vertical  as  well  as  in  a  horizontal  section.  The  surface  of  one 
layer  of  the  rock  may  be  very  roughly  likened  to  the  surface 
of  a  lake  with  a  "choppy"  sea;  just  fitting  into  this  surface  is 
another  complementary  one  of  the  rock  layer  next  adjacent 
Along  the  veins  there  has  been  some  slipping  (or  faulting)  of 
the  different  layers  on  each  other;  that  this  is  the  case  is  indi- 
cated by  the  sheared  and  crushed  condition  of  the  rock  and  by 
the  frequent  slickensided  surfaces.  When  this  faultinj; occurred, 
especially  where  there  was  no  great  pressure  normal  to  the  fault 
plane,  there  would  be  formed  certain  irregularly  lens-shaped 
cavities  where  the  surface  of  one  layer  did  not  fit  the  surface 
of  the  next  adjacent  one.  These  lens-shaped  cavities  are  now 
represented  by  the  lenses  of  quartz.  This  faulting  would  not 
be  confined  to  slipping  between  two  layers  alone,  but  would 
occur  between  several  adjacent  layers,  so  that  the  faulted  area 
is  not  strictly  a  plane  but  a  bed  of  several  inches  or  feet  in 
thickness.      How  great  this  faulting  has  been  we  do  not  know. 
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but  that  the  area  of  weakness,  in  which  were  crushed  rock  and 
cavities,  extends  to  a  considerable  depth  seems  quite  certain. 
In  this  area  of  weakness  solutions  would  easily  travel  and 
mineral  matter  would  be  deposited  from  them;  thus  would 
occur  the  Impregnation  of  the  crushed  rock  and  the  filling  of 
the  cavities.  Under  this  view  of  the  origin  and  nature  of  these 
veins  it  is  s6en  that  they  lie  along  lines  of  faulting  and  that 
they  could  thus  receive  solutions  emanating  from  great  depths; 
thus  these  veins  are  in  many  features  closely  analogous  to 
true  fissure  veins. 

General  considerations  bearing  upon  the  question  of  the 
source  of  the  metalliferous  constituents  of  these  veins  have 
already  been  given.  In  this  connection,  however,  the  views  of 
Dr.  A.  C.  Lawson  upon  this  subject  are  pertinent  and  interest- 
ing, coming  from  one  who  has  carefully  studied  the  region 
under  consideration.    He  says:* 

Thedlstributlou  ot  velos  and  metaltireTous  deposits  io  tbeArcbeaD 
has  further  an  intereollng  bearing  upon  the  question  of  the  history  of 
these  rocks.  Tbe  Laureatian  rocks  ot  tbe  region  are  remarkably  barren 
of  metalliferous  depoelts.  The  Upper  ArchEean.  partlcnlarly  the  Kee- 
watln  series  which  Is  largely  composed  of  volcanic  rocks,  is  rich  in  such 
deposits  as  native  gold  (with  a  little  associated  sliver),  Iron  ores,  copper 
pyrites.  Iron  pyrites,  mispickel,  galena  and  zinc  blende.  These  minerals 
are  abuDdant  in  tbe  Keewattn  series,  tbougb,  of  course,  only  occasionally 
found  sufficiently  coocentraled  to  be  of  ecoDomic  value. 

There  can  be  but  little  doubt  that  their  occurrence  In  these  rocks  Is 
intimately  associated  with  tbe  volcanic  rocks,  although  the  period  of 
their  formation  Is  not  necessarily  that,  of  tbe  formation  of  the  vulcanic 
rocks  themselves.  Now,  unless  we  regard  the  floor  upon  wblcb  tbe  upper 
Archaean  was  deposited  to  have  been  the  original  crust  of  the  earth,  for 
which  supposition  wehavenogood  evidence,  we  must  assume  that  It  was 
made  up  of  ordinary  strata,  either  volcanic  or  sedimentary,  or  composed 
of  both.  As  such  It  is  probable  tbat  It  was  traversed  by  veins,  and  that 
in  tbe  volcanic  portions,  If  not  elsewhere,  tbese  veins  were  metalliferous. 

But  la  the  Laurentlan  we  do  not  find  anything  like  tbenumberof 
veins  tbat  are  found  In  the  Upper  Archaean,  and  those  tbat  are  occasion- 
ally observed  are  not  metalliferous.  The  simplest  explanation  of  this 
marked  difference  between  tbe  Upper  and  Lower  ArcbEeau,  as  regards 
veins  and  metalliferous  deposits,  appears  to  the  writer  to  be  precisely  tbat 
which  gives  a  satisfactory  account  of  all  tbe  other  features  of  tbe  region, 
viz:  that  the  Laurentlan  rocks  have  passed  tbrougb  a  state  of  fusion, 
while  the  superincumbent  Upper  Archaean  remalnedunfuaed.  This  fusion 
would  cause  the  dissemination  tbroughout  tbe  magma  of  whatever  met- 
alliferous deposits  had  been  segregated  In  veins,  so  that  tbey  could  not  be 
detected  by  ordinary  means.  The  veins  which  cut  tbe  Upper  Arcbfflanare 
probably,  as  before  suggested,  due  to  aqueous  emanations  from  the  Lower 
Archaean  magma,  the  metals  In  the  veins  being  probably  derived  from  tbe 
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volcanic  rocks  traversed  by  these  emanatioos,  so  that  the  very  caases 
which  obliterated  veins  and  metalliferous  deposits  Id  the  lower  portloD  of 
the  Archaean  m^  be  said  to  havegivenrlse  to  those  in  the  Upper  Arcbean. 

Little  American  mine. 

This  vein,  the  first  to  be  discovered  and  developed,  belong 
to  the  class  of  segre^ted  veins.  Situated  on  a  small  island  in 
the  N.  W.  i  of  sec.  38,  T.  71-22.  one  hundred  railes  from  aoy 
railroad,  and  developed  in  the  face  of  all  the  obstacles  to  be 
met  with  in  a  new  district,  it  has  served  to  attract  attention  to 
this  undeveloped  portion  of  our  state,  and,  whether  it  proves  to 
be  the  most  profitable  mine  in  the  region  or  not,  it  will  in  this 
way  always  be  rememliered  as  the  most  tieeful. 

Geo.  W.  Davis  discovered  the  vein  while  prospecting  alone 
about  the  last  of  July,  1893.  Reaching  the  island  one  Bvenin^ 
.al>out  darl£  he  had  no  opportunity  to  examine  the  quartz  which 
he  saw  until  the  following  morning  when  he  "panued"  it  and 
obtained  gold.  Mr.  Davis  remained  on  the  island  and  in  the  vi- 
cinity for  nearly  a  month  aad  then  went  only  as  far  away  as  Fort 
Frances  to  renew  his  store  of  provisions.  On  his  return,  about 
the  last  of  August,  he  brought  back  with  him  a  man  named 
Quirk  and  a  blacltsmith  from  the  "Fort"  and  together  they 
fired  the  first  blast  on  the  29th  day  of  August,  1893.  Subse- 
quently going  to  Duluth  with  samples  of  his  ore  and  (ellinK  of 
his  discovery,  a  company  called  the  Bevier  Mining  and  Milling 
Company  was  organized  in  January,  1894.  with  A.  S.  Chase, 
"Hutch"  Bevier  and  "Jeff"  Hildreth  as  incorporators.  Having 
some  trouble  to  secure  title  to  the  land  it,  was  purchased  from 
the  government  by  using  the  right  of  selection  or  "scrip"  of 
the  St.  Paul,  Minneapolis  &  Manitoba  railway.  Active  opera- 
tions were  at  once  begun  under  the  direction  of  Mr.  Hildreth 
and  a  S-stamp  mill  was  set  up  on  the  mainland  at  Rainy  Lake 
City,  about  one  mile  from  the  island,  where  the  shaft  was  snnk- 
This  mill  began  stamping  on  July  16,  1891,  and  continued  with 
some  interruption  until  Sept.  24  of  the  same  year,  when,  hav- 
ing used  all  the  ore  in  stock  and  finding  the  cost  of  the  oper- 
ation too  great,  it  was  shut  down.  Shortly  afterwards  the 
operation  of  the  mine  and  mill  passed  into  other  hands  and 
plans  were  laid  for  work  on  a  more  systematic  basis.  A  casual 
inspection  of  the  mine  will  reveal  a  woeful  lack  of  business 
ability  in  the  arrangement  and  execution  of  the  operations  of 
mining  and  milling.  The  expenses  must  have  been  at  least 
double  what  they  should  have  been,  even  witii  so  many  diffi- 
culties to  overcome.     The  hole  in  the  ground,  called  by  courtesy 
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a  shaft,  was  about  10'x40'z44'  and  was  as  ragged  a  cavern  as 
can  be  found  in  the  state.  With  no  timbering,  no  pumps,  noth- 
ing but  a  hand  windlass  for  hoisting  ore,  rock  and  water,  and 
the  mill  a  mile  away,  it  is  a  good  example  of  the  folly  of  rob- 
bing a  mine  in  order  to  provide  ore  for  present  purposes  with- 
out proper  development  for  future  mining.  Every  item  of  ex- 
pense must  necessarily  have  been  abnormally  large  by  such 
poor  management  as  is  here  displayed. 

As  to  the  operation  of  the  mill  the  following  quotation  from 
a  letter  received  from  Mr.  A.  S.  Chase,  one  of  the  directors  of 
tbe  Bevier  Mining  Company,  contains  considerable  reliable 
information: 

From  the  best  Informatloii  I  bave  the  mill  ran  in  all  flftj-two  days. 
The  nearest  estimate  as  to  quantity  of  ore  crushed  Is  600  tons.  We  have 
no  record  of  each  clean  up  but  the  actual  shipments  of  bullion  were:  Au- 
gust lOtb,  $362.30;  August  20th,  tl,958.85;  September  18tb,  $2,481.76;  Oc- 
tober ISth,  $732.42;  total,  (5,535.33.  Tbe  cost  as  near  as  we  can  tell,  was 
about  (7.00  per  ton  for  mining  and  mllllog.  With  proper  management  ft 
can  doubtlew  be  mined  and  milled  for  tS.OO  per  ton.  We  bave  but  five 
BtampB  and  of  course  the  cost  of  mltllDg  would  aecessarlly  be  lar^e,  but 
there  are  other  reasons  for  the  great  cost  ot  producing  tbis  bullion  which 
caa  be  easily  overcome.  The  mill  produced  all  tbe  way  from  8  to  27 
ounces  of  bullion  per  day,  showing  very  clearly  that  quantities  of  rock 
were  crushed  which,  with  proper  sorting,  would  not  have  been  used,  es- 
pecially with  this  little  mill.  It  is  certain  that  there  was  no  attempt  at 
deception  and  I  am  fully  convinced  that  gold  In  largely  paying  quantities 
exists  In  the  Bainy  Lakt:  region. 

The  vein  is  about  ten  feet  in  width  and  dips  south  about  80°. 
Its  strike  is  N.  80°  E,  and  it  is  believed  to  run  across  the  next 
island  west  of  the  Little  American.  The  ore  is  gray  Quartz 
with  streaks  and  masses  of  the  schist  which  constitutes  the 
country  rock  enclosed  in  it.  It  contains  a  rather  small  amount 
of  pyrites  and  some  visible  gold.  Less  than  five  per  cent.,  and 
perhaps  less  than  three  percent,  of  tbe  ore  goes  into  the  con- 
centrates which  have  an  assay  value  of  about  112.50  per  ton. 
Samples  of  the  ore  taken  from  the  vein  at  the  depth  of  ten  feet 
and  from  the  top  of  the  stock  pile  where  the  ore  from  tbe  bot- 
tom of  the  pit  was  supposed  to  lie,  assayed  $11.51  ($11.39  gold 
and  t.l2  silver),  and  $3.37  ($3.31  gold  and  $,  06  silver)  re- 
spectively. 

Big  American  mine. 

This  is  the  homestead  of  George  Davis,  the  discoverer  of 
gold  at  Kainy  lake.  The  property  constitutes  the  southwest 
comer  of  Dryweed  island.  A  pit  live  feet  square  and  five  feet 
deep  hat  been  dug  in  the  usual  siliceous  sericitic  schist  of  tbe 
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island.  In  the  pit  are  three  qnartz  lenses,  none  of  them  more 
than  a  foot  in  width.  The  rock  at  the  pit  is  more  schistose  and 
greener  in  color  than  the  adjoining  rock.  The  strike  is  N.  70° 
E.  (mag. ),  and  the  dip  is  90°.  Exposures  near  by  show  other 
quartz  lenses  along  the  strike  a  few  yards  from  the  pit,  but 
not  enough  work  has  been  done  here  to  show  the  widUi  and 
probable  extent  of  the  vein. 

Other  prospects. 
In  the  vicinity  of  Kainy  Lake  City  are  several  places  where 
some  work  has  been  done,  but  the  veins  are  small  or  the  ex- 
ploitation has  not  gone  far  enough  to  show  clearly  their  extent 
and  value.  Some  of  these  prospects  will  be  mentioned  below. 
On  the  eastern  end  of  the  island  in  the  S.  W.  i  S.  W.  ^  sec. 
25,  T.  71-22,  a  shaft  has  been  sunk.  It  was  reported  to  be  down 
to  a  depth  of  twenty-eight  feet,  but  in  October  the  work  had 
been  abandoned  and  the  shaft  was  partially  filled  with  water; 
a  short  drift  has  been  run  out  towards  the  south.  The  vein 
here,  i  e.,  tho  belt  of  siliceous  rock  in  which  the  quartz  lenses 
occur,  is  about  three  feet  wide  as  exposed  at  the  surface. 

The  blunt  point  of  land  in  the  S.  W.  i  S.  W.  i  sec.  26.  T.  "i- 
22.  is  crossed  by  another  vein,  which  has  been  uncovered  at 
several  places.  In  some  places  there  is  a  width  of  nearly  six 
feetof  almost  pure  white  quartz.  This  vein  is  probably  a  con- 
tinuation of  the  one  just  mentioned  on  the  island. 

In  the  S.  E.  \  of  S.  E.  \  sec.  28.  T.  71-22,  is  a  small  island 
on  which  is  what  is  known  as  the  "Old  Soldier  mine".  The 
island  is  made  of  mica  schist  in  which  are  small  veins  of  quartz 
and  some  beds  or  dikes  of  gneiss  or  foliated  granite.  This 
granitic  rock  varies  in  color,  being  light  or  dark  according  to 
the  amount  of  biotite  or  hornblende  it  contains.  A  considerable 
amount  of  pyrite  is  disseminated  through  this  rock. 

The  large  island  in  the  N.  W.  J  of  sec.  26,  T.  71-23,  known 
as  Kingston  island,  has  a  few  small  veins  running  across  it. 
Some  work  is  now  being  done  upon  these,  but  at  the  time  of  our 
visit  it  had  not  progressed  far. 

The  vein  of  the  Little  American  mine  is  seen  again  on  the 
island  nearest  west  of  the  Little  American  island,  and  the  com- 
pany has  commenced  operations  here  and  are  uncovering  the 
vein  and  have  started  a  drift  along  side  of  it. 

It  was  formerly  supposed  that  segregated  veins  are  not  so 
persistent  as  fissure  veins,  and  that  they  are  not  so  likely  to  be 
productive  in  depth.    This  view  does  not  appear  to  have  a 
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basis  in  fact,  however,  since  "  recent  milling  operations  have 
materially  modified  the  received  views  respecting  the  value 
and  persistency  of  the  so-called  segregated  veins.  Many  of 
them  are  of  great  thickness  and  extent,  and,  after  having 
been  worked  to  very  considerable  depths,  have  been  there 
found  as  productive  as  they  were  nearer  the  surface.  The 
character  of  the  veinstone  of  such  deposits  frequently  appears 
to  in  no  way  vary  from  that  of  true  fissure  veins,  from  which 
they  often  differ  in  no  respect  except  that  their  course  is  often 
parallel  to  that  of  the  strata  between  which  they  lie."  (Phil- 
lips, Ore  Deposits,  p.  91). 

11.      FISSURE  VEINS. 

True  or  fissure  veins  have  already  been  briefly  described,  and 
the  prevalent  theory  of  their  origin  outlined.  Their  distin- 
guishing feature  is  their  entire  independence  of  the  strike  or 
foliation  of  the  enclosing  rocks.  Indeed,  because  of  the  wavy 
line  of  strike  of  the  crj'stalline  and  semi-crystalline  rocks,  a 
fissure  vein  almost  always  cuts  across  the  strike  in  some  por- 
tion of  its  course.  The  walls  of  fissure  veins  have  usually  a 
more  direct  and  even  course  than  those  of  other  veins,  and  are 
smoothed  or  "slickensided"  in  a  similar  manner. 

The  veins  in  the  vicinity  of  Rainy  lake  which  present  the 
characteristics  of  fissure  veins  are  those  in  the  vicinity  of  Shoal 
and  Bad  Vermilion  lakes,  east  oE  Seine  bay-at  the  east  end  of 
Bainy  lake.  Occurring  for  the  most  part  in  a  granitic  rock, 
they  strike  north  and  south  or  northwest  and  southeast, — al- 
most at  right  angles  with  the  series  of  segregated  veins.  The 
quartz  is  somewhat  different  in  appearance,  perhaps  due  largely 
to  the  fact  that  it  is  richly  charged  with  the  sulphides  of  iron, 
copper,  lead,  zinc  and  silver,  and  near  the  surface  with  the  oxi- 
dized  alteration  products  of  these  minerals.  The  first  of  these 
veins  to  be  brought  to  public  notice  as  containing  gold  is  on  lo- 
cation "A  L  75"  and  is  known  as 

Wiegand'a  location. 
Thomas  Wiegand  and  Alex  Lockhart  discovered  auriferous 
quartz  veins  on  this  and  adjoining  locations  in  September,  1893. 
The  veins  strike  north  south,  or  northwest  southeast,  and  vary 
in  width  on  the  surface  from  six  inches  to  six  feet.  The  ore  is 
charged  with  zinc  blende,  galena,  pyrite  and  free  gold  and  is 
somewhat  stained  by  iron  rust  near  the  surface.     There  is  dis- 
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tiact  evidence  of  crastification  in  some  of  the  veins,  while  to 
others  the  ore  is  more  homogeiieous  in  texture  and  appearance. 
The  walls  are  well  defined  and  finely  slickensided.  The  coun- 
try rock  immediately  surrounding  the  veins  is  mentioned  else- 
where (p.  68),  and  is  not  inaptly  called  "bastard  granite"  by 
some  of  the  explorers  of  the  region.  This  rock  has  often  & 
foliation  which  corresponds  in  general  with  the  strike  of  the 
schistose  rocks  which  lie  south  of  Shoal  lake.  The  trend  of 
the  veins  is  across  the  prevalent  foliation  of  the  granite,  and 
iheir  length  is  sometimes  seen  to  be  at  least  half  a  mile,  as  re- 
vealed by  the  outcrops.  In  connection  with  Col.  S,  W.  Ray  of 
Port  Arthur,  Ont.,  Mr.  Wiegand  has  done  considerable  explor- 
ing on  these  locations  in  the  way  of  uncovering  the  veins  and 
sinking  test  pits. 

Pit  No.  1  was  12  feet  deep  on  the  lode,  showing  the  vein  to 
Increase  in  width  from  about  6  inches  at  the  surface  to  20  or  24 
Inches  at  the  bottom,  with  a  vertical  dip.  Near  the  top  of  the 
ground  the  vein  is  banded  pink,  red  and  white;  but  the  quartz 
is  all  light  colored  at  the  depth  of  12  feet,  and  appears  to  be 
nearly  equally  charged  with  "aulphurets"  throughout  Where 
stringers  of  quartz  join  the  vein  from  the  walls  considerable 
free  gold  is  said  to  have  been  noticed.  Just  west  of  this  pit, 
and  about  75  feet  from  it,  a  parallel  vein  three  feet  in  width  is 
seen  to  outcrop.     The  latter  has  not  been  prospected. 

Sample  from  the  stockpile  at  No.  1  pit  assayed  $6.83  in  gold 
and  $  .15  silver,  a  total  of  96.98  per  ton. 

Pit  No.  2  is  on  location  "A  L  94."  .  Its  depth  is  12  feet  and 
it  is  sunk  on  two  parallel  veins  separated  quite  sharply  by  a 
band  of  granite  about  two  feet  in  thickness  at  the  surface,  and 
as  far  as  shown  in  the  test  pit,  the  dip  is  about  vertical  and  the 
strike  north  and  south.  Bunches  of  pyrites  having  a  thickness 
of  several  inches  are  numerous  in  the  eastern  vein.  Near  the 
surface  these  were  said  to  have  been  much  rotted  and  held  to- 
gether by  threads  of  gold.  Considerable  gold  weis  obtained  up- 
on washing  this  pyrlte  in  a  pan,  after  crushing  it  finely  in  a 
mortar.  A  sample  from  the  pile  of  quartz  thrown  out  of  the 
pit  was  assayed  with  the  following  result:* 

Gold    2.32  oz.  per  ton.  worth V. $48.02 

Silver    .64  "  "        40 

Total  value  per  ton  of  ore $48.42 

made  by  P.  F.  Sbarpleas  Id  the  laboratory  oC  Sharji- 


>yCOOglC 


STATE  OEOLOaiST.  83 

Pit  No.  3  is  on  location  "AL  75,"and  at  the  time  of  exaiDiaa- 
tion  was  19  feet  deep.  Tbe  vein  is  similar  to  those  already  de- 
scribed on  these  locations,  striking  north-south  and  having  a 
width  of  one  foot  to  three  feet  and  a  half,  and  growing  wider 
as  depth  is  attained.  The  dip  is  80°.  Samples  taken  from  the 
stockpile  and  vein  here  gave  the  following  assays: 
Dump  sample: 

Gold,      .35  02.  per  ton,  worth $7.25 

Silver,  2. 46  oz,  per  ton,  worth 1.55 

Total  value  per  ton *8.80 

Surface  of  vein: 

Gold,  3.23  oz.  per  ton,  worth »66.80 

Silver,  .47  oz.  per  ton,  worth 30 

Total  value  per  ton $67.16 

The  walls  of  these  veins  are  smooth  and  sharply  defined, 
being  usually  separated  from  the  vein  matter  by  a  thin  sheet 
of  soft  material,  supposed  to  be  the  product  of  pressure, 
shearing  and  chemical  alteration.  Some  of  these  veins  can  be 
traced  for  a  mile  across  the  country,  maintaining  their  width 
and  course  quite  persistently.  The  mineral  content  of  the 
different  veins  varies  considerably.  Thus  Vein  No.  3  on  ' 
Wiegand's  location  is  more  heavily  charged  with  blende, 
pyrite,  galena  and  chalcopyrite  than  Veins  No.  1  and  No,  2, 
but  is  no  more  richly  "mineralized"  than  some  veins  seen  else- 
where in  this  same  immediate  vicinity. 

The  Lucky  Coon.  * 

Hillyer's  location,  as  it  was  first  known,  or  The  Lucky 
Coon,  as  it  is  now  christened,  is  location  "655  P"  consisting 
of  about  170  acres.  It  is  situated,  as  shown  on  the  map,  north 
of  the  eastern  end  of  Shoal  lake,  and  east  of  Bad  Vermilion. 
The  country  rock  here  is  quite  similiar  to  that  at  Wiegand's; 
but  the  granite  is  coarser  and  more  massive,  and  has  pink 
feldspar  crystals  developed  in  it  at  a  short  distance  from  the 
veins.  At  the  time  of  examination  two  nearly  parallel  veins 
about  150  feet  apart  were  being  developed  by  shafts.  This 
property  is  operated  by  Hugh  Steel^of  Dulutb,  W.  G.  Miller,  of 
Minneapolis,  Geo.  Hillyer,  of  West  Superior,  and  Carrol  Car- 
son, of  Blwabik,  Minn.  The  work  was  being  done  under  the 
direction  of  Mr.  Hillyer.  Other  parties  who  own  an  interest 
in  it  are  Wm.  Campbell  and  Messrs.  Mosher  and  A.  L.  Robinson. 
The  Seine  Kiver  Mining  company,  of  West  Superior,  Wis.,  is 
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organized  to  work  this  mine,  and  a  stamp  mill  is  to  be  ordered  at 
once.  The  strike  of  the  veins  isaboutE.25°  S.  The  more  north- 
erly one  (No.  1)  dips  N,  25°  E,  80°,  while  the  more  southerly  one 
(No.  2)  dips  S  25°  W,  80°,  in  other  words  the  two  veins  are 
each  within  10°  de^rrees  of  verticality  and  dip  away  from  each 
other  so  far  as  revealed  by  test-pitting.  It  is  to  be  expected 
that  the  dip  of  one  or  the  other  vein  will  change  so  as  to  bring 
them  both  to  a  conformable  dip  in  the  same  direction. 

Pit  No.  1.  on  Vein  No.  1,  at  the  time  of  our  visit  was  about 
10  feet  deep,  and  its  dimensions  about  6x10.  The  vein  has  a 
width  of  alx>ut  6  feet  and  has  good  walls.  It  is  banded  or 
"crustified'*  and  contains  considerable  pyrite,  chalcopyrite, 
blende  and  a  dark  mineral  resembling  argentite.  This  vein 
has  been  traced  for  more  than  half  a  mile  by  surface  ont- 
croppings.  The  best  ore  is  said  to  come  from  near  the  foot 
wall.  A  sample  of  ore  taken  from  the  bottom  of  the  pit 
assayed  ^2.07  in  gold,  and' showed  no  silver. 

Pit  No.  2  is  on  Vein  No.  2,  which  has  a  width  of  5  feet  where 
exposed.  It  was  very  heavily  mineralized  from  the  surface  to 
the  bottom  of  the  pit  which  was  only  9  feet  deep,  and  showed 
considerable  gold  in  a  decayed  and  oxidized  state  that  was  seen 
■  in  the  middle  of  the  vein.  The  walls  are  smooth  and  slicken- 
sided  and  indicate  a  good  depth  to  the  vein.  It  coatiuns  the 
same  sulphides  noticed  in  Vein  No.  1,  with  the  addition  of 
galena,  and  where  these  minerals  have  been  removed  by  oxida- 
tion there  is  often  a  beautiful  display  of  flecks  and  small  nug- 
gets of  gold.  Sample  from  all  over  the  pile  of  ore  thrown  out 
of  the  pit  gave  just  the  same  results  as  the  sample  from  No. 
1  pit.  Ore  taken  from  a  heavily  mineralized  portion  of  the  rein 
yielded  an  assay  value  of  $43.26  gold  per  ton. 

Other  prospects  near  Shoal  lake. 

The  Mosher  properties  are  "A  L  110,""  "A  L  HI"  and  "A  L 
112,"  and  are  in  the  same  rock  as  Wiegand's  and  Hillyer's  loca- 
tions. Some  prospecting  has  been  done  here  on  a  vein  that 
has  a  width  of  six  feet  and  strikes  northwest  and  southeast 
Flecks  of  gold  are  visible  in  the  vein  matter,  and  the  ore  is 
quite  similar  in  many  respects  to  that  of  the  Lucky  Coon. 

It  is  evident  from  a  description  of  these  veins  that  a  larger 
percentage  of  the  ore  from  those  fissure  veins  near  Sboal  lalie 
will  be  of  the  kind  calle^  refractory  than  is  the  case  with  the 
ore  from  the  segregated  veins  contained  in  the  Keevatin 
schists.  What  percentage  this  will  be  cannot  yet  be  told. 
Some  of  the  gold  is  contained  in  the  quartz  withpatasspciation 
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with  the  sulphurets,  but  much  of  it  is  so  intimately  mingled 
with  them  ^  to  require  treatment  as  refractory  ores.  It  is 
also  to  be  expected  that  the  percentage  of  free- milling  ore 
will  decrease  with  deptK  Certainly  so  far  as  the  amount  of 
free-milliDg  ore  is  dependent  upon  oxidation  of  the  sulphides 
there  will  be  a  rapid  increase  in  the  amount  of  refractory  ore 
below  the  surface,  for  oxidation  has  extended  but  a  few  feet 
into  the  veins  since  the  glacial  period.  It  is  quite  possible, 
however,  that  a  considerable  proportion  of  the  gold  exists  in 
the  ore  in  a  condition  to  be  removed  by  milling  and  amalgama- 
tion, independently  of  any  oxidation  of  the  sulphurets.  In 
that  case  there  will  not  be  so  great  a  change  in  the  ore  as  the 
mines  grow  deeper. 

The  veins  in  this  vicinity  being  very  numerous,  nearly  all  of 
the  land  is  already  surveyed  into  mining  locations  and  sold  un- 
der the  minii^  laws  of  Ontario.  Lying  a  little  outside  of  the 
district  which  properly  comes  under  the  jurisdiction  of  the 
Minnesota  geological  survey,  the  Seine  river  and  Shoal  lake 
region  was  only  examined  sufficiently  to  obtain  an  idea  of ,  its 
general  worth,  and  many  prospect  holes  and  veins  were  not 
seen.  Enough  was  seen,  however,  of  individual  properties, 
and  of  the  geology  of  the  district  to  create  the  impression  that 
this  is  destined  to  be  the  richest  area  thus  far  prospected 
around  Rainy  lake.  The  reasons  for  this  belief  may  be  briefly 
stated.  The  veins  are  fissure  veins  and  cross  the  strike  of  the 
rocks  nearly  at  right  angles.  The  ore  is  well  charged  with 
heavy  sulphides,  and  the  gangue  is  considerably  stained  and 
colored  with  them.  The  walls  of  the  veins  indicate  tbat  they 
will  extend  indefinitely  downward,  and  explorations  have  shown 
their  length  to  be  considerable.  The  rock  which  contains  the 
veins  bears  evidence  of  having  undergone  great  pressure, 
shearing  and  chemical  metasomatosis,  and  corresponds  in  age 
and  mineralogical  composition  to  the  usual  associates  of  aurif- 
erous veins. 

But  perhaps  the  most  favorable  feature  of  the  veins  of  this 
particular  portion  of  the  Rainy  Lake  district  is  their  intimate 
relation  with  the  areas  of  eruptive  rock  called  "gabbro"  on  the 
north  and  of  greenstone  on  the  south.  This  gabbro  occupies 
an  area  of  several  square  miles  around  Bad  Vermilion  lake,  and 
there  can  be  but  little  doubt  that  it  has  been  of  great  imf)or- 
tance  in  the  formation  and  enriching  of  the  veins  in  its  neigh- 
borhood. It  is  not  clearly' proven  that  the  veins  date  from  the 
advent  of  the  gabbro;  but  the  fact  that  the  gabbro  seems  to  be 
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later  than  the  peculiar  granite  area  lying  between  Shoal  and 
Bad  Vermilion  lakes,  and  the  further  fact  that  the  veins  are 
quite  different  in  strike  from  the  other  veins  around  Kamy  lade, 
and  appear  to  radiate  from  the  gabbro  area,  as  a  center,  is 
strongly  indicative  that  the  formation  of  the  fissures  was  dne  to 
the  irruption  of  the  gabbro.  As  already  stated,  the  proximity  of 
eruptive  rocks  is  almost  universally  believed  to  have  exerted 
a  beneficial  influence  on  the  richness  of  metalliferous  veins,  and 
it  will  be  strange  if  it  does  not  prove  so  in  this  instance. 

HI.      FAHLBANDS. 

Fahlbands  are  belts  of  rock,  often  of  considerable  width  and 
extent,  impregnated  with  sulphides  of  iron,  copper  and  zinc, 
and  sometimes,  also,  of  lead,  cobalt  and  silver.  There  are 
usually  several  of  these  belts  haviog  a  considerable  degree  of 
parallelism  wit^  one  another,  and  sometimes  traceable  upon 
their  line  of  strike,  for  several  miles.  The  amount  of  ore  con' 
tained  in  such  belts  may  be  quite  considerable,  but  it  is  only  in 
a  few  localities. found  to  be  sufficiently  concentrated  to  render 
its  exploitation  profitable.  Fahlbands  are  usually  found  in 
regions  of  gneiss,  mica  and  hornblende  schists,  talc  schist  or 
chlorite  schist.  Veins  of  quartz  may  be  present  in  these  fabl 
bands,  running  parallel  with  or  intersecting  them  at  various 
angles,  but  they  are  sometimes  wanting  entirely.  There  is 
usually  a  gradual  tran^tion  from  the  metalliferous  rock  of  the 
fEihlband  into  the  barren  rock  on  either  side,  with  which  the 
fahlbands  are  usually  conformable.  When  intersected  by 
dikes  of  eruptive  rock  or  veins  of  quartz  there  is  frequently 
a  considerable  degree  of  enrichment  at  the  planes  of  intersec- 
tion. There  are  several  points  around  Kainy  lake  where  pros- 
pecting is  in  operation  in  fahlbands.  Some  of  these  are  not 
worthy  of  mention.  The  best  example  of  this  class  of  deposit 
is  the  Lyle  mine. 

Lyle  mine. 

This  is  situated  on  a  narrow  point  which  runs  out  from  Dry- 
weed  island  near  the  center  of  the  S.  E.  i  of  sec.  23,  T.  71-22, 
two  and  one  half  miles  northeast  of  Rainy  Lake  City.  This 
property  was  located  in  the  winter  of  1893-'9i  by  William  and 
Edwin  Ward  of  Duluth.  Work  was  begun  on  the  shaft,  which 
is  eight  feet  square,  on  September  8th,  1894,  and,  at  the  time  of 
our  visit,  a  month  later,  it  had  reached  a  depth  of  twenty-two 
feet.  The  shaft  is  down  in  a  peculiar  kind  of  siliceous  rock 
which  consists  of  narrow  bands  of  (1)  finely  divided  quartz,  (2) 
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a  dark  greenish  material,  perhaps  largely  chlorite,  and  (3) 
bands  of  1  and  2  combined.  This  rock  constitutes  a  band  about 
twelve  feet  wide.  Throughout  it  are  numerous  quartz  string- 
ers or  lenses  of  all  sizes  from  those  a  fraction  of  an  inch  in 
thickness  to  one  which,  where  exposed,  is  two  and  a  half  feet 
across.  The  qnartz  lenses  and  the  belt  of  rock  in  which  they 
occur  contain  a  considerable  amount  of  pyrite,  more  than  is 
common  in  the  veins  about  Rainy  Lake  City.  Masses  of  coarse- 
ly crystallized  siderite  are  found  in  some  of  the  quartz  lenses. 
This  belt  of  siliceous  rock,  including  the  lenses,  is  probably 
two-thirds  or  more  quartz,  and  it  will  be  necessary  to  mine  and 
stamp  the  whole  rock  as  ore,  as  it  is  impracticable  to  separate 
the  quartz  lenses.  Moreover,  the  siliceous  rock,  as  stated 
above,  contains  considerable  pyrite,  and  possibly  some  gold. 

The  country  rock  at  this  place  is  composed  of  chlorltio  and 
sericitic  schists  and  a  green  schist  in  which  are  many  small  spots 
of  siderite.  The  strike  is  N.  75°  E.  (mag. )  and  the  dip  75°  to 
80°  north  of  this  line.  Just  to  the  south  of  the  little  point,  on 
which  the  shaft  is  situated,  on  the  main  land  of  Dry  weed  island 
the  rock  is  the  usual  sericitic  schist  which  has  been  mentioned 
before  (page  66 )  as  forming  grindstone  and  Dryweed  islands. 
Here  a  few  quartz  lenses  occur,  but  they  have  not  yet  been  un- 
covered so  as  to  show  their  true  size  and  extent. 

The  surface  of  the'vein  at  the  shaft  is  rusted  and  more  or  less 
decayed,  but  this  condition  does  not  extend  downward  more 
than  four  to  six  inches,  except  along  cracks. 

TREATMENT  OP  RAINY  LAKE  ORES. 
The  development  of  the  Rainy  Lake  region  has  not  been  suffi- 
cient to  furnish  data  on  which  to  base  a  statement  as  to  the 
best  method  of  treatment  for  its  ores.  Conservative  and  busi- 
ness-like methods  and  principles  would  lead  investors  to  be  ab- 
solutely certain  that  ore  existed  in  quantity  sufficient  to  supply 
a  stamp  mill  for  a  few  years,  and  that  it  was  of  such  a  charac- 
acter  as  to  be  best  treated  in  a  particular  kind  of  stamp  mill  be- 
fore risking  their  money  in  the  purchase  of  one.  And  in  order  to 
gain  such  information  it  would  be  necessary  to  sink  shafts  nu- 
merous enough  and  deep  enough  to  prove  the  quantity  and 
quality  of  the  ore.  The  mere  fact  that  four  or  five  stamp  mills 
have  been  built  for  use  in  this  region  where  there  is  not  as  yet 
a  shaft  or  a  drill-hote  75  feet  deep,  is  in  itself  sufficient  proof 
that  the  mines  are  being  developed  by  parties  of  little  or  no  ex- 
perience in  the  mining  business.     There  can  be  only  one  result 
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of  sDch  hasty,  ill-advised  methods  of  procedure.  Some,  if  not 
all  of  the  companies  will  soon  find  themselves  financially  em- 
harassed.  The  money  which  should  have  been  spent  in  mine 
development  will  have  been  spent  for  machinery.  When  the 
stamp  mills  are  on  the  ground  and  ready  for  operation  there 
will  be  no  ore  to  run  them  for  any  length  of  time,  and  not 
enough  development  in  the  mines  to  enable  them  to  produce 
what  the  mills  require.  Thus  the  mill  must  be  shut  dowQ  aad 
the  public  will  say  it  was  because  there  was  no  gold  in  the  ore. 
The  stockholders  will  be  discouraged  and  the  treasury  of  the 
company  will  be  depleted  without  means  of  replenishing  it.  In 
other  cases  the  free  millmg  ore  will  so  rapidly  pass  into  re- 
fractory ore  as  the  depth  ^f  the  mine  increases,  that  the  milt 
which  was  built  to  treat  the  surface  oxidized  ores  is  unable  to 
extract  the  gold  from  these  more  refractory  ores,  and  most  be 
discarded, — a  dead  loss  to  the  company — and  a  new  plant  pur- 
chased. All  of  these  things  will  exert  a  damaging  influence  on 
the  reputation  of  the  district  as  a  whole,  and  should  be  avoided 
if  possible.  In  a  new  district  double  precautions  shoald  be 
taken  to  iasure  against  mistakes.  Two  or  three  shafts  each  100 
feet  deep  should  be  sunk  and  connected  with  levels  on  every 
property  before  a  stamp  mill  or  other  plant  is  purchased. 
Then,  with  the  mine  opened  up,  and  enough  ore  in  stock  to  ran 
the  mill  for  six  months,  the  mine  will  hafve  a  bona  fide  vala& 
No  difficulty  will  be  experienced  in  raising  money  to  buy  the 
machinery  needed.  No  hesitation  will  be  felt  as  to  what  pro- 
cess to  use.  No  trouble  will  be  had  in  keeping  the  mill  sup- 
plied with  ore.  The  experience  of  the  Lake  of  the  Woods  dis- 
trict should  not  be  repeated  at  Eainy  lake,  but  that  is  just 
what  will  happen  if  matters  proceed  as  they  are  begun.  Too 
great  stress  cannot  be  laid  on  this  point.  The  old  adage  that 
"haste  makes  waste"  is  nowhere  better  exemplified  than  in 
matters  of  this  sort.  For  the  good  of  the  pioneers,  who  de. 
serve  to  succeed  because  of  their  confidence  in  the  new  region, 
and  their  efforts  to  develop  it,  no  less  than  for  the  good  of  the 
district,  we  would  urge  upon  the  owners  of  prospects  to  "go 
slow"  and  develop  their  properties  before  ordering  expensive 
concentrating  and  metallurgical  plants. 

As  already  stated,  the  ore  which  occurs  within  fifty  feet  of 
the  surface  of  the  ground  at  Rainy  lake  is  free-milling,  and 
the  proportion  of  concentrates  will  not  exceed  10  percent. 
How  much  this  percentage  will  be  increased  in  depth  is  uncer- 
tain, but  that  there  will  be  an  increase  is  to  be  expected.  With 
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five  or  tes  per  cent,  of  the  ore  going  into  the  concentrates  there 
will  be  required  facilities  for  treating  these  refractory  sul- 
phides on  the  spot.  The  expense  of  transportation  to  a  smelter 
and  the  high  smelter  charges  make  shipping  out  of  the  ques- 
tion. Some  method  of  treating  the  sulphurets  cheaply  at  the 
mine  or  on  the  lake  must  be  introduced. 

In  this  connection  the  description  of  barrel-chlorination  by 
the  Thies  process  as  conducted  at  the  Haile  mine,  Lancester 
county,  South  Carolina,  is  of  interest.*  Wortcing  on  a  large 
scale,  ore  which  assays  ^.50  per  ton  on  an  average  and  contains 
10  per  cent  of  concentrates  is  treated  at  a  profit  by  this  process. 
The  value  of  the  roasted  concentrates  amounts  to  $30.00  per 
ton  and  the  cost  of  roasting  and  chlorination  is  said  to  be  $4.6S 
for  li  tons  raw  pyrites.  After  thoroughly  roasting  the  sul- 
phurets the  roasted  material  is  placed  in  lead-lined  iron  cyl- 
inders 60"x42"  which  rotate  on  their  major  axes  20  times  per 
minute.  Chlorine  gas  generated  in  these  barrels  dissolves  the 
^Id  in  from  4  to  8  hours,  and  it  is  then  precipitated  by  ferrous 
sulphate.  With  an  abundance  of  cheap  fuel  and  water  power  this 
process  might  be  practicably  introduced  in  the  Rainy  Lake  re~ 
gion,  and  operated  in  conjunction  with  stamp  mills  and  amal- 
gamation. 

SOME  OTHER  GOLD  MINES. 
In  reports  of  discoveries  of  gold  ore  in  new  regions  we  fre- 
quently read  references  to  the  wonderful  results  achieved  in 
treating  low  grade  ores  elsewhere  and  the  large  dividends  that 
some  celebrated  mines  are  regularly  paying.  Comparisons 
are  drawn  between  the  small  yield  of  gold  per  ton  in  these 
large  dividend- paying  properties  and  the  reported  average  of 
the  ore  in  the  newly  discovered  field,  and  it  is  usually  the  con- 
clusion drawn  from  such  comparison  that  if  one  mine  can  make 
a  regular  profit  out  of  three  or  four  dollar  ore,  any  other  mine 
ought  to  make  proportionately  greater  profit  out  of  eight  or 
ten  dollar  ore.  Such,  however,  is  not  the  case,  and  it  is  for 
the  sake  of  guarding  against  such  misleading  comparisons  that 
the  following  brief  description  of  some  of  these  famous  mines 
is  introduced  here.  Among  the  mines  thus  most  frequently 
referred  to  in  this  country  are  the  Homestake,  the  Alaska- 
Treadwell  and  the  Comstock. 
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Homestake  mine. 

The  Homestake  mine  is  located  in  the  Black  Hills,  near 
Deadwood,  South  Dakota.  The  ore  is  not  in  a  vein,  but  rather 
in  a  "belt"  or  zone  of  slates  or  schists  contaiuing  many  lenses 
and  shoots  of  ore,  consisting  of  quartz  impregnated  with  more 
or  less  pyrite.  This  "belt"  is  about  2,000  feet  in  thickness  aod 
is  bounded  on  the  east  and  west  by  quartzytes.  The  age  of 
these  rocks  is  Archean,  corresponding  to  those  in  the  Rain; 
Lake  region;  and  the  gold  contained  in  them  was  partially 
introduced  prior  to  the  Potsdam  epoch  and  partially  at  some 
subsequent  period.  The  rock  seems  to  have  been  enriched  by 
the  inflaence  of  certain  intrusions  of  porphyry,  and  is  more 
prodactive  and  of  a  less  refractory  nature  near  these  intru- 
sions. The  ore  is  what  is  called  "free-milling,"  but  still  con- 
tains several  per  cent,  of  pyrites  which  pass  into  the  concen- 
trates and  are  treated  by  some  metallurgical  process  for  the 
gold  they  contain. 

At  the  several  properties  located  along  this  "belt"  there  are 
various  methods  of  mining  in  vogue-  Surface  ores  were  taken 
out  in  large  open  cuts,  but  at  present  most  of  the  minioKis 
underground  and  conducted  on  a  scale  of  great  maguitode. 
Immense  quantities  of  ore  are  mined  and  put  through  the 
stamps,  as  may  i>e  seen  by  an  inspection  of  the  annual  reports 
of  the  operating  companies.  Several  hundred  stamps  are  kept 
at  work,  pounding  out  from  two  to  four  tons  per  stamp  per 
diem.  The  average  yield  of  gold  per  ton  varies  from  (2  toU, 
averaging  about  $3.87  in  the  Homestake  mine,  and  $2.42  in  the 
Deadwood-Terra  and  other  mines  where  porphyry  intrusions 
do  not^  occur.  In  1888  the  cost  of  mining  at  the  Homestake 
was  $1.68  per  ton.  and  the  cost  of  milling  was  $0.83,  a  total  of 
$2.51.  The  yield  for  the  same  year  was  $3.71  per  ton.  leaving 
a  net  profit  of  $1.20.  (A.  I.  M.  E.,  svii,  577.)  As  there  were 
mined  nearly  a  quarter  of  a  million  tons  of  ore.  the  total  profit 
was  a  handsome  one.  The  dividends  paid  by  the  Homestake 
company  from  1884  to  1892,  inclusive,  amount  to  $4,943,750. 

A  loBka  -  Treadwell. 
Although  in  operation  but  a  few  years  the  Alaska-Treadwell 
mine  has  paid  its  owners  dividends  amounting  to  $2,225,000  up 
to  1894.  This  mine  is  situated  on  the  eastern  side  of  Douglas 
island,  on  the  coast  of  Alaska.  The  ore  deposit  consists  of  a 
mass  of  quartz  and  white  feldspar  of  medium  grain  and  pale 
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gray  color,  contfuning  a  small  amount  of  calcite  and  imprag- 
nated  throughout  with  small  crystals  of  iron  pyrites.  The 
thickueBS  of  the  ore  body  is  from  400  to  500  feet,  and  it  is 
bounded  on  the  northeast  and  southwest  by  dark  colored  argil- 
lytes  supposedly  of  Triassic  age.  Mr.  G.  M.  Dawson  sug- 
gests* that  "this  ore  body  is  the  upper  portion  or  feather 
edge  of  a  granitic  intrusion,  probably  contemporaneous  and' 
connected  with  the  characteristic  granites  of  the  neighboring 
coast  ranges,  but  which,  owing  to  peculiar  conditions  has  he- 
come  decomposed  and  silicified  by  solfataric  or  hydrothermal 
action,  to  which  the  conceutration  of  gold  in  it,  and  the  depo- 
sition of  pyrites  are  also  due." 

Since  1888  the  mine  has  operated  240  stamps  and  96  cobcen- 
trators  which  have  milled  and  concentrated  500-700  tons  of  ore 
each  24  hours.  Although  largely  a  free  milling  proposition, 
there  are  several  per  cent  of  concentrates  which  are  roasted 
and  chlorinated. 

The  cost  of  chlorination  in  189C  and  1891  .amounted  to  22 
and  19  cents  respectively  per  ton  of  ore  milled.  The  cost  per 
ton  of  concentrates  treated  for  these  years  was  $9.02  and  $7.31 
respectively. 

The  average  total  cost  of  mining,  crushing,  amalgamating, 
retorting,  etc..  in  1892  was  about  $1.50  per  ton,  on  an  average 
product  of  16,000  tons  of  this  ore  per  month  The  assay  value 
of  the  ore  is  only  about  $3.75  per  ton  and  yet  it  is  mined  and 
treated  so  economically  as  to  have  a  net  profit  of  nearly  $2.00 
per  ton. 

Comstock  lode. 

Differing  materially  in  the  character  of  ore  deposit,  enclos- 
ing rocks,  situation  and  product,  from  the  two  mines  just  men- 
tioned is  the  Ck>matock  lode,  the  largest  producer  the  world  has 
yet  seen.  The  contrast  between  it  and  the  Homestake  mine  is 
illustrative  of  the  very  point  which  we  seek  to  emphasize,  viz., 
that  location,  nature  of  the  ore  and  costof  treatment  have  more 
to  do  with  the  question  of  profit  and  loss  than  the  assay  value 
of  the  ore  itself. 

The  Comstock  lode  consists  of  wide,  gently  dipping  masses 
of  crushed  and  decomposed  country  rocb:  cemented  together 
and  filled  up  by  saccharoidal  granular  quartz  and  some  calcite 
in  all  of  which  the  ore  is  very  finely  disseminated.     Enclosed 
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almost  wholly  in  eruptive  rocks,  basalt,  augite  artdesyte,  qoarU- 
porphyries,  metamorphosed  diorytes,  phorpbyritic  diorytes 
and  granites,  it  was  not  to  be  wondered  at  that  hot  waters  were 
encountered  at  great  depths  in  the  mine,  or  that  these  hot  so- 
lutioDS  had  effected  the  deposition  of  such  a  marvelous  store  of 
wealth.  The  foot-wall  is  dioryte  from  G>old  Hill  to  Virginia 
City,  metamorphic  slates  south  of  Gold  Hill,  and  la  one  place 
for  a  short  distance  a  diabase  dike.  The  hangiag-wall  is  usu- 
ally hornblende  ande&yte  in  the  upper  region  and  diabase  id 
the  lower  levels. 

The  ores  are  silver  ores,  stephanite,  polybasite,  argentite  and 
some  galena  and  zinc  blende.  The  bullion  contains  about  43 
per  c6nt.  of  its  value  (6  to  7  per  cent,  of  its  weight)  in  gold  and 
57  per  cent,  in  silver. 

The  product  of  the  mines  located  on  the  Comstock  lode  up  to 
Jan.  1st,  1881,  was,  in  round  numbers,  7,000,000  tons  of  ore 
which  yielded  bullion  valued  at  $306,000,000.  The  average 
value  of  the  ore  .was  $48.86  per  ton  inclusive  of  the  amount  lost 
in  tailings.  Tha  dividends  and  profits  up  to  the  same  date 
amounted  to  $118,000,000  which  was  reduced  by  assessments  of 
#62,000,000  to  a  net  profit  of  $56,000,000,  showing  that  the  cost 
of  operation  amounted  to  $35.71  per  ton  of  ore  produced. 

These  few  facts  show  without  any  need  of  emphasis  or  com- 
ment, how  widely  different  are  the  costs  of  mining  operations 
under  different  conditions.  Each  mining  district  and  each  prop- 
erty in  the  district  must  be  considered  by  itself  and  developed 
in  the  light  of  the  conditions  which  surround  it  independent!; 
of  what  any  other  mine  has  accomplished  or  expects  to  accom- 
plish. It  is  quite  evident  from  the  foregoing  brief  outline  of 
facts  that  because  the  Homestake  and  Alaska-Treadwell  mines 
pay  dividends  on  four  dollar  ore  is  no  reason  why  mines  on 
Rainy  lake  can  do  the  same;  nor,  on  the  other  hand,  that  tte- 
cause  it  cost  $35  a  ton  to  mine  and  treat  the  ore  of  the  Corn- 
stock  lode  it  will  cost  the  same  in  Minnesota.  The  fact  to  be 
emphasized  is  that  under  suitable  conditions  ore  deposits  can 
be  profitably  exploited  even  though  the  value  of  their  contents 
varies  from  $35  down  to  $4  or  less  per  ton.  The  next  thing  is 
to  determine  in  each  case  whether  the  ore  body  is  present  or 
not,  and  under  what  conditions,  and  with  what  environments. 
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OTHER  RESOURCES   AND    ROUTES   OP  TRAVEL   TO 
RAINY  LAKE. 

I.      OTHER  RESOURCES. 

This  report  is  devoted  primarily  to  a  discussion  of  the  gold- 
beariog  rocks  of  the  Rainy  Lake  region,  hut  it  will  not  be  out 
of  place  to  call  attention  to  other  natural  resources  as  these 
must  play  an  important  part  in  the  development  of  any  mining 
district.  Moreover,  the  presence  in  the  vicinity  of  Rainy  lake 
of  an  abundance  of  natural  resources,  other  than  the  gold,  is 
destined  to  aid  very  materially  in  the  rapidity  of  settlement 
and  development  of  the  northern  parts  of  Itasca  and  St.  Louis 
counties. 

Useful  mineral  eubsUmces. 

In  the  large  pegmatyte  veins  or  dikes,  which  occur  especi- 
ally in  the  mica  schists  along  the  south  shore  of  the  eastern 
arm  of  Rainy  lake  and  on  the  shores  of  Kabetogama  lake,  are 
plates  of  mica  (muscovite)  two  or  three  inches  in  diameter. 
As  yet  no  mica  has  been  found  in  sufBcient  quantity  or  in  large 
enough  plates  to  be  economically  useful,  but  more  careful 
exploration  of  these  pegmatyte  veins  may  be  rewarded  by  the 
discovery  of  larger  masses  of  this  mineral. 

Other  minerals,  such  as  iron  pyrites,  sphalerite  (zinc  blende) 
galena  and  copper  pyrites,  occur  in  the  Rainy  Lake  region, 
especially  in  the  quartz  veins,  but  it  is  hardly  probable  that 
large  amounts  of  any  of  these  will  be  found. 

The  Keewatin  rocks  of  this  district  are  of  the  same  geologi- 
cal age  and  of  the  same  general  character  as  the  rocks  in 
which  are  the  rich  iron  deposits  of  the  Vermilion  range  and 
some  parts  of  the  south  shore  of  lake  Superior.  Deposits  of 
iron  ore  have  already  been  reported  from  the  Seine  River 
country,  but  as  yet  no  careful  exploration  for  iron  ore  has 
been  attempted.  We  wish  to  call  special  attention  to  the  pro- 
bability of  the  existence  of  large  masses  of  iron  ore  in  the 
Rainy  Lake  region,  and  we  feel  that  exploration  in  this  line  is 
more  likely  to  result  in  the  discovery  of  mineral  wealth  than 
exploration  for  any  other  mineral  except  gold.  The  rocks 
marked  Keewatin  on  the  map  (plate  i)  are  the  ones  In  which 
exploration  for  iron  ore  should  be  carried  on. 

Many  of  the  granites  and  syenites,  and  some  of  the  other 
rocks,  will  make  excellent  building  stones.  Oood  material  for 
grindstones,    whetstones   and    hones,    and   probably  also  for 
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roofing  slates,  exist  in  the  Keewatin  rocks.  The  numerous 
limestone  fragments  found  in  the  clays  along  the  banks  of  the 
Rainy  river  have  sometimes  been  burned  for  lime  by  the  set- 
'  tiers.  The  clays  to  the  west  of  Rainy  lake  contain  beds  which 
will  evidently  make  good  bricks,  and  some  of  the  beds  will 
probably  be  found  to  possess  the  characteristics  necessary  for 
some  kinds  of  pottery. 

Coal  has  been  reported  a  number  of  times  from  the  banks  of 
the  Big  Fork  and  Little  Fork  rivers,  which  are  in  Itasca  county 
and  southwest  of  Rainy  lake.  This  coal  occurs  in  the  form  of 
lignite  in  the  Cretaceous  shales,  which  are  known  to  outcrop  in 
places  along  these  rivers,  and  it  is  probable  that  rocks  of  this 
age  exist,  although  usually  buried  under  a  considerable  thick- 
ness of  glacial  drift,  in  most  of  Itasca  county  and  the  counties 
to  the  west.  On  account  of  the  discovery  and  recent  develop- 
ment of  lignite  beds  in  the  vicinity  of  Redwood  Falls,  it  is 
thought  best  to  call  attention  to  the  possibility  of  the  existence 
of  similar  beds  in  the  region  to  the  southwest  of  Rainy  lake. 
This  lignite  in  Minnesota  does  not  seem  destined  to  be  of  any 
great  value,  but  possibly  some  of  it  may  prove  of  local  impor- 
tance. In  this  connection  we  quote  the  statements  made  in 
reference  to  coal  in  Minnesota  by  the  senior  author  of  this  re- 
port some  two  years  since: 

The  opinion  of  tbe  state  Keolo^ist  and  the  writer  has  been  frequeDtlf 
expreseed  that  tbe  only  coal  of  any  eort  in  the  northern  part  of  the  slate 
Is  Id  thin  searos  of  brovru  coal,  occurring  la  Cretaceous  shales,  which  were 
found  in  patches  on  the  Little  Fork  river  by  the  wr[t«r  in  1887.  Tbis 
coal  Is  not  of  good  quality  and  the  discovery  of  lar^e  amounts  Id  thick 
beds  would  not  be  o(  such  great  importance  as  the  newspapers  would  have 
us  believe. 

At  the  same  time,  lignite  Is  used  to  a  considerable  extent  in  treeless  re- 
gions as  fuel  for  ordinary  heating  and  cooking  purposes.  In  Texas  sod 
Dakota  such  coal  is  mined  in  cunalderable  quantities.  Grates  of  a  pecu- 
liar pattern  are  devised  In  which  to  burn  this  coal  and  It  plays  quite  an 
Important  part  in  the  domestic  economy  of  those  regions.  It  Is  used  Id 
the  form  of  briquettes  In  Germany.  These  briquettes  are  made  by  drying 
the  brown  coal  until  the  water  It  contains  Is  nearly  all  driven  off  and 
then  subjecting  the  mass  to  a  pressure  of  fifteen  hundred  to  two  tboos- 
and  atmospheres.  Tbe  resulting  briquette  Is  elliptical  In  form,  about 
six  Inches  long  and  one  inch  thick,  It  is  so  bard  that  it  will  not  absorb 
water  even  though  laid  in  water  for  some  time.  The  coal  istooflne- 
gralned  and  not  compact  enough  to  use  In  blast  furnace  practice.  It  this 
brown  coal  should  be  found  dehydrated  and  consolidatedby  heat  or  pres- 
sure consequent  on  eruptions  or  excessive  faulting  In  the  rocks,  it  would 
have  a  much  greater  value.  It  is  not  Impossible  that  such  depnsits  may 
be  found  in  some  of  the  large  areas  northweut  of  Duluth  as  yet  bat  little 
explored  by  the  geological  survey.  It  Is  quite  desirable  that  aome  further 
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examloatloD  bu  made  of  this  region  Id  coDnection  wltb  more  tborougb 
and  careful  mapping  oC  the  rocks  of  the  Hesabi  raoge.  The  value  of 
good  coal  d  posits  CiinDOt  lie  overestimated,  and  If  we  have  such  ia  Miu- 
uesota  the  soooer  we  Icnow  It  the  better.* 

Timber. 

The  usual  white  and  Norway  piues  are  found  throughout  this 
entire  region,  but  not  always  oi  sufficient  size  to  pay  for  cut- 
ting. Yet,  there  are  many  places  along  the  shores  of  Rainy 
lalie  and  the  adjoining  bodies  of  water  where  there  are  groves 
of  good  sized  pines;  and  many  scattered  areas  of  timber  exist 
in  the  vicinity  of  the  Big  Pork  and  Little  Forir  rivers.  Some 
of  the  pine  has  already  been  cut  and  talcen  to  Rat  Portage,  but 
much  remains  to  be  cut  as  soon  as  the  demand  for  lumber  in 
this  district  increases.  A  saw  mill  was  in  operation  near  Rainy 
Lake  City  during  the  last  summer  and  two  or  three  others  on 
Rainy  river. 

Iq  hardwood  timber  the  white  birch,  which  occurs  through- 
out the  region  and  which  often  reaches  a  size  suitable  for  lum- 
ber, may  be  mentioned;  oak  and  elm  of  good  size  occur  in  the 
flat  clayey  district  just  to  the  west  of  Rainy  lake. 

The  numerous  swampy  tracts  of  this  part  of  the  state  are 
often  covered  by  a  dense  growth  of  excellent  spruce  timber. 
This  is  used  in  large  amounts  in  the  manufacture  of  pulp  and 
paper,  and,  as  the  more  southern  regions  are  being  rapidly 
devastated  of  their  timber,  the  spruce  of  northern  Minnesota 
will  soon  become  exceedingly  valuable;  growing  as  it  does  in 
the  lower  and  damper  grounds  it  is  not  so  subject  to  destruc- 
tion by  forest  fires  as  the  pine. 

Agriculture. 
The  plain  of  clays  which  extends  westward  and  southward 
from  Rainy  lake  is  destined  to  support  a  large  farming  popu- 
lation. As  already  mentioned  these  clays  were  deposited  in 
the  glacial  lake  Agassiz  and  are  thus  of  similar  origin  to  the 
subsoil  of  large  parts  of  the  Red  River  valley.  Above  this 
subsoil  is  a  considerable  tbickness  of  black  loam.  This  land  ■ 
naturally  supports  a  luxuriant  growth  of  vegetation,  and, 
where  it  has  been  cleared  and  cultivated,  as  in  many  places 
along  the  Canadian  shore  of  the  Rainy  river,  it  has  been  found 
to  yield  large  crops.  Most  all  of  the  usual  produce,  excepting 
yellow  dent  corn,  have  been  successfully  grown  in  this  district; 
and  especially  large  returns  have  been  made  in  oats,  wheat. 
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potatoes,  cabbages.  tumipB  and  hay.  There  are  large  tracts 
of  land  south  of  the  Rainy  river,  which  are  as  yet  unsettled 
aad  which  are  uaezcelled  for  agricultural  purposes  by  other 
land  in  the  state.  As  is  usual  in  a  new  mining  country  the 
farming  interests  are  neglected  at  first,  but  in  the  Kainy 
Lake  district  there  is  no  reason  why  this  should  continue  so,  as 
the  conditions  for  making  farming  a  profitable  business  are 
here  eo  favorable. 

The  following  quotation  from  Dr.  A.  0.  Lawson's  report  on 
the  geology  of  the  Rainy  Lake  region*  is  strong  testimony  as 
to  the  adaptability  of  the  soil  and  climate  of  the  region  for  the 
support  of  a  dense  population: 

Agriculture  le  perbapB  tlje  most  promising  of  the  economic  prospecteot 
the  region.  Bain;  river  from  Its  source  at  Coutchlching  to  Huogr; 
Hall,  flows  for  elEhty  miles  through  a  rich  alluvial  plain,  which,  so  (ar  a& 
can  be  Judged  from  the  banlca  of  the  river,  is  emioeDtly  adapted  to  rap- 
port a  large  agricultural  population.  Travelers  and  explorers  vie  with 
one  another  in  praisiDg  the  beauties  of  the  river  and  its  capabilities  for 
settlement.  Mr.  S.  J.  Dawson  In  his  "Report  on  the  exploration  of  the 
country  between  lahe  Superior  and  the  Red  river  settlement"  sajs  of  It, 
"The  distance  from  Kalnj  lake  to  the  Lake  of  the  Woods,  following 
the  wIndlDga  of  the  stream.  Is  about  eighty  mfles,  and  throughout  Uie 
whole  of  this  eatent  the  land  fronting  on  the  river  is  fit  for  settlemeDt 
without,  I  may  say,  a  single  break;  Indeed,  I  have  never  seen  anythiDE 
to  equal  it  in  my  experience,  except  at  Swan  river  and  on  theAssinibolne." 
•  •  •  •  Prof.  E.  Y.  Hind  in  his  account  of  the  country  exam- 
ined hy  the  same  expedition  says:  "No  part  of  the  country  through 
which  we  have  passed  from  lake  Superior  northwards  can  bear  compari- 
son with  the  rich  banks  of  the  Ealny  river  thus  far.  The  river  has  pre- 
served a  very  uniform  breadth,  varying  only  from  about  200  to  300  yards. 
The  soil  is  a  sandy  loam  at  the  surface,  much  mixed  with  vegetable  mat- 
ter. Occasionally,  where  the  bank  has  recently  fallen  away,  the  clay  is 
seen  stratified  In  layers  of  about  two  inches  In  thickness,  following  in  ail 
respects  the  contour  of  what  seems  to  be  unstratltled  drift  clay  below. 
Basswood  Is  not  uncommon,  and  sturdy  oaks,  whose  trunks  are  from 
eighteen  inches  to  two  feet  in  diameter,  are  seen  in  open  groves,  with 
luxuriant  grasses  and  climbing  planlegrowinglwneath  them." 

A  more  recent  authority  Is  Mr.  J.  O.  Bolger,  F.  L.  S.,  who  explored  the 
region  in  the  summer  of  1886  for  the  department  of  Crown  Lands  of  On- 
tario, wilh  the  special  object  of  ascertaining  its  fitness  for  settlement 
His  description  and  opinions  are  more  valuable  than  the  preceding  and 
are  even  more  optimistic.  He  says:  "I  flrst  encountered  good  land  at  the 
point  where  the  forty-ninth  parallel  or  the  flrst  base  strikes  Lalce  ot 
the  Woods,  and  following  up  Little  Grassy  river,  which  empties  into  the 
lake  a  couple  of  miles  south  of  this  point,  J  found,  from  traveling  in  eveiy 
direction,  that  the  block  ot  four  townships  composed  ot  townships  one 
and  two  south,  ranges  twenty-three  and  twenty-four  east,  contains  a 
large  percentage  of  the  finest  land  I  have  ever  seen,  and  the  same  descrlp- 
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tion  applies  to  the  block  of  laccl  lying  westward  between  these  townships 
and  the  Lake  of  the  Woods.  Little  Grass;  river  Is  uarlgable  for  canoes 
tor  a  dIstaDce  of  about  eight  miles  from  Its  mouth  and  the  land  on  the 
ahorelsall  good,  being  composed  of  a  rich  calcareous  drift  formation 
equal  to  any  soil  In  the  best  agricultural  districts  oF  Ootarto. 

The  timber  aloDg  the  river  Is  chiefly  large,  thrifty  poplar,  mixed  with 
some  scattering  oak  and  swamp  elm,  aod  some  evergreens,  such  aa  bal- 
sam and  spruce;  Inland,  the  timber  changes  in  character  somewhat  from 
that  along  the  rlvershoreas  large  balmotGilead,  spruce,  balsam  and  tara- 
eracare  met  with  more  frequeotly  and  the  nice  open  bush  which  prevails 
along  the  river  banks  is  changed  for  a  taagled,  bruahy  undergrowth;  but 
the  character  of  the  soli  remaias  the  same.  Tamarac  and  spruce  swamps 
occur  frequently  In  this  section  of  the  country,  as  is  the  case  all  through 
tbls  laree  level  area  of  good  land  which  lies  along  the  tiaoks  of  Balay 
river.  These  swamps  were  all  perfectly  dry  this  summer,  and  are  all  cap- 
able of  being  made  Into  excellent  land  by  drainage,  as  they  lie  nearly  as 
high  aa  the  surrounding  dry  lands,  and  only  require  proper  ditching  to 
take  the  surface  water  off  In  wet  Beasons.  The  extreme  levelness  of  the 
country  causes  the  presence  of  so  much  swamp  land  here,  as  the  surface 
water  has  no  means  of  escaping  from  the  low-lying  portions,  and,  conse- 
quently,  the  growth  of  moss  and  swamp  timber  is  engendered.  I  noticed 
that  in  most  cases  the  beds  of  the  little  streams  are  deep  enough  to  form 
outlets  for  ditches  ao'^dralus,  and  these  creek  beds  are  usually  so  numer- 
ous that  to  drain  any  swamp  no  very  long  ditches  would  be  required;  in 
nearly  all  the  swamps  through  which  I  passed  I  ol>served  the  soil  to  be  a 
black  vegetable  mould,  varying  Id  depth  from  one  to  three  feet,  and  al- 
ways underlaid  by  the  same  calcareous  clay  alluded  to.  I  seldom  met 
the  muskeg  proper,  that  Is  to  say,  the  wet,  sbaky  bog  Id  which  water  Is 
preseDt  at  all  seasons  of  the  year,  and  which  grows  nothing  but  dwarf 
spruce  and  moss.  I  then  paddled  up  Balny  river,  and  on  both  shores  I 
found  the  same  kind  of  country  as  I  have  described  as  being  In  the  vi- 
cinity of  Grassy  river,  and,  as  there,  a  good  number  of  settlers  along  the 
river  on  the  Canadian  side,  I  had  an  opportunity  to  observe  the  soil  while 
undercultivatioD.aDd  tosee  the  kind  of  crops  It  Is  capable  of  raising. 

The  soil  I  found  to  be  most  excellent  la  character,  calcareous  clay  over- 
laid by  a  thin  streak  of  whitish  fine  earth  about  six  inches  in  thickness, 
and  this  again  covered  with  a  coating  of  vegetable  mould;  and  these  three 
mixed  up  together  In  the  working  of  the  land  form  a  soil  which  cannot 
be  excelled  in  any  part  of  the  Dominion.  I  saw  along  the  river  crops  of 
potatoes,  turnips,  hay,  oats,  wheat,  corn,  tomatoes  and  cabbage,  all  grown 
to  perfection  this  season,  which  shows  that  the  climate,  as  well  as  the 
soil.  Is  suitable  to  successful  farming,  especially  when  tomatoes  ripen,  as 
they  certainly  did  this  year,  as  well  as  1  ever  saw  them  ripen  in  the  vi- 
cinity of  Lake  Ontario.       •       •       •       • 

''The  timber  Is  chiefly  poplar,  which  grows  to  a  great  size;  I  have  seen 
trees  over  eighteen  inches  across  the  stump,  and  sixty  feet  long  clear  of 
thellmbs.  Balm  of  Ollead,  too,  prevails  in  some  sections,  while  spruce, 
tamarac  and  balsam  of  thrifty  growth  are  everywhere  met  with.  In 
some  places  magnlflceDt  cedar  abounds,  large  enough  for  tel^raph  poles, 
shlDgle  bolts  or  any  other  use  to  which  cedar  Is  applied;  there  are  some 
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groves  of  pine  through  this  eection,  but  It  caaoot  be  called  a  ploe  coun- 
try, that  U  OQ  tblH  drift  formation." 

Such  testlmoay  ae  to  the  character  and  value  of  the  land  through 
which  Rainy  River  flows,  leaves  tittle  for  me  to  say  beyond  expresstng 
my  entire  concurrence  In  the  opinions  quoted  as  to  the  great  suitability 
of  the  country  for  settlement  and  agriculture.  Settlers  are  goiag  in 
gradually  and  there  are  some  excellent  farms  along  the  river  front.  *  * 
•  "  The  river  affords  an  easy  means  of  access,  and  the  levelness  of  .the 
country  renders roadseasy  to  build. 

This  agricultural  district  is  Dot  conOued  to  a  narrow  belt  of 
land  along  the  river,  but  has,  in  Minnesota,  an  approximate 
area  of  5,000  square  miles,  between  Rainy  lake  and  the  Red 
River  of  the  North  and  south  of  Rainy  river.  Over  this  area 
the  annual  rainfall  varies  from  33  inches  at  Rainy  lake  to  17 
inches  at  St  Vincent.  The  absence  of  hills,  rook  outcrops  and 
even  of  boulders,  is  remarkable,  and  the  land  is  nearly  all  tim- 
bered. In  short  all  the  qualifications  necessary  for  a  habitable 
region  are  found  in  this  hitherto  overlooked  portion  of  our 
great  state.  It  will  not  be  surprising  to  see  in  the  Runy 
River  valley  as  dense  a  population  as  is  supported  by  any  equal 
area  in  Minnesota.  * 

3fisc€llaneou8  resources. 

As  has  already  been  stated  in  the  description  of  the  physical 
features  of  the  district,  there  are  waterfalls  at  the  outlets  of 
many  of  the  lakes.  Some  of  these  streams  are  of  considerable 
size,  and  their  accessible  power  would  be  eagerly  sought  after 
if  located  in  the  well  settled  eastern  states.  By  far  the  largest 
water  power  in  the  district  is  that  of  the  Koochiching  falls. 
■  Here  the  Rainy  river  descends  from  twenty-one  to  twenty-fonr 
and  a  half  feet,  the  amount  of  fall  varying  with  the  stage  of 
the  water,  It  has  been  estimated  that  there  are  12,000  cubic 
feet  of  water  flowing  over  this  fall  every  second,  and  the  power 
here  generated  averages  30,000  horse  power,  with  a  probable 
minimum  of  20,000  horse  power.  This  is  thus  seen  to  be  by 
far  the  largest  water  power  in  the  state,  much  exceeding  that 
at  the  falls  of  St.  Anthony.  A  dam  of  from  five  to  ten  feet  at 
the  head  of  these  falls,  would  increase  the  height  of  the  falls 
as  many  feet,  and  would  also  raise  the  level  of  Rainy  lake  from 
two  to  seven  feet,  thus  furnishing  an  immense  mill-pond  with 
an  enormous  supply  of  water  for  use  in  times  of  tow  water  in 
the  river,  The  value  of  this  water  power  as  an  aid  in  the  de 
velopment  of  this  part  of  the  state  cannot  be  overestimated. 

Considerable  trapping  is  done  in  the  winter  in  this  section  of 
the  country,  and  the  trade  in  furs  has  been  an  important  bnsi- 
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ness  ever  since  the  establishment  of  tbe  Hudson  Bay  company, 
which  still  has  a  store  at  Fort  Frances.  Many  of  the  inland 
lakes  abound  in  white  fish  and  lake  trout  and  the  catching  and 
shipping  of  these  will  furnish  livelihood  for  a  considerable 
population  as  soon  as  there  are  better  facilities  for  transport- 
ing the  fish  to  market. 

Summary. 
It  is  only  necessary  here  to  emphasize  the  fact  that  in  the 
Rainy  Lake  district  there  are  many  natural  resources,  aside 
from  the  gold-bearing  veins,  which  have  not  yet  been  devel- 
oped and  which  would  make  tbe  district  an  important  one  even 
if  it  contained  no  gold.  We  wish  especially  to  call  attention 
to  four  of  these  natural  resources  which  seem  destined  to  make 
this  district  develop  with  rapidity:  1,  the  excellent  farming 
lands;  2,  the  large  bodies  of  standing  timber  suitable  for  man- 
ufacture into  lumber  and  paper;  3,  the  large  water  power;  and 
4.  the  possibility  of  the  existence  of  valuable  deposits  of  iron 
ore.  , 

II.      BOOTES  OF  TRAVEL  TO  RAINY  LAKE. 

At  present  there  is  no  railroad  running  into  the  Rainy  Lake 
region,  the  nearest  station  being  Tower,  on  the  Duluth  and 
Iron  Range  R.  R.,  seventy  miles  in  a  direct  line  southeast  of 
Rainy  Lake  City-  It  is  understood  that  several  roads  are  con- 
sidering the  advisability  of  extending  branches  into  this  region, 
and  it  seems  probable  that  the  summer  of  1895  will  witness  the 
commencement  of  active  preparations  along  these  lines. 

There  are  three  principal  routes  by  which  Rainy  lake  may 
be  reached,  during  the  summer  season,  as  follows: 

1,  A  regular  passenger  train  on  the  Duluth  and  Iron  Range 
R.  R,  leaves  Duluth  at  about  3  P.  M.  and  arrives  at  Tower  the 
same  evening.  The  next  morning  a  steamboat  may  be  taken 
from  Tower  to  the  outlet  of  Vermilion  lake,  and  from  here  a 
stage  ride  of  twenty- six  miles  brings  one  to  Crane  lake.  A 
tug  takes  passengers  from  this  point  about  twenty  eight  miles 
to  Kettle  falls,  and  from  here  other  boats  run  to  Rainy  Lake 
City.  Koochiching  and  Ft.  Frances.  From  each  of  these  towns 
all  parts  of  Rainy  lake  may  be  reached  by  steamer  or  canoe. 
The  trip  can  be  made  in  two  days,  or  less,  from  Tower.  This- 
route  is  the  shortest  and  quickest  for  those  who  are  in  easy 
rail  communication  with  Dulath,  and  it  has  been  the  route 
most  frequented  during  the  last  summer. 
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2.  The  second  route  runs  over  the  Great  Northern  R.  R.  to 
Winnipeg  and  from  there  via  the  Canadian  Pacific  R.  R.  to  Bat 
Portage  at  the  north  end  of  Lake  of  the  Woods.  Prom  this 
point  steamboats  may  be  taken  through  Lake  of  the  Woods 
and  up  the  Rainy  river  to  Ft.  Prances  and  Koochiching.  This 
is  the  most  comfortable  route,  as  the  boats  running  from  Bat 
Portage  are  larger  and  better  equipped  than  those  on  the 
Tower  route;  but  it  is  more  expensive  and  takes  more  time 
than  the  latter  route. 

8.     The  Canadian  Pacific  R.  R.  during  the  last  summer  sold 
tickets  from  Dnluth  to  Port  Arthur  by  steamer,  and  from  the    ; 
latter  point  to  Rat  Portage  by  rail.     Prom  Rat  Portage  the 
rest  of  trip  was  made  as  indicated  above. 

Persons  visiting  Rainy  lake  will  frequently  find  it  advisable 
to  purchase  a  small  camping  outfit  and  a  canoe  and  to  engage 
a  guide  OT  woodsman,  either  a  white  man  or  an  Indian.  A 
person  thus  equipped  can  travel  anywhere  in  the  region;  in  ■ 
fact  it  is  only  by  means  of  canoes  that  large  tracts  of  the  ■, 
Rainy  Lake  district  and  of  northeastern  Minnesota  are  visited 
ataU. 

During  the  winter  Rainy  lake  can  be  easily  reached  from 
Tower,.  Mountain  Iron,  Hibbing  or  Grand  Rapids  by  team. 

To  anyone  contemplating  a  short  outing  we  heartily  recom- 
mend a  trip  to  the  Rainy  Lake  region  and  through  the  ever- 
green forests  of  northeastern  Minnesota  and  its  crystal  lakes, 
teeming  with  white  fish,  pickerel,  wall-eyed  pike,  bass  and 
lake  trout-  The  exi>enses  of  such  a  trip  are  comparatively 
small.  Two  persons,  who  are  accustomed  to  canoeing,  can 
start  from  Duluth,  spend  two  weeks  in  going  from  Tower  to 
Rainy  lake  and  back  again,  largely  or  entirely  by  canoe,  and 
can  return  to  Duluth  foranexpenseof  twenty  five  dollars  each, 
including  canoe,  railroad  fare  and  provisions  for  the  entire 
trip.  The  most  agreeable  time  of  year  to  visit  this  region, 
either  for  purposes  of  exploration  or  pleasure,  is  during 
August,  September  and  October.  Usually  after  the  first  of 
August  the  insect  pests  of  the  region,  mosquitoes,  blackflies 
and  sand  files,  are  sufBciently  reduced  in  numbers  to  render 
life  in  the  woods  pleasant  and  even  delightful.  And  in  Sep- 
tember and  October  the  larder  may  be  abundantly  supplied 
with  game. 
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Maps. 

Only  two  maps  of  the  Bainy  Lake  region,  which  are  large 
enough  for  convenient  use  in  exploration,  have  been  published. 
The  first  of  these  is  the  "Rainy  Lake  Sheet"  of  the  district  of 
Rainy  River,  published  by  the  Geological  and  Natural  History 
Survey  of  Canada;  it  accompanies  the  report  on  this  region  by 
A.  C.  Lawson,*  and  can  be  obtained  from  the  Gieological  Sur- 
vey, Ottawa,  Ontario.  This  map  is  on  a  scale  of  four  miles  to 
one  inch,  and  on  it  the  various  rock  formations  are  designated 
by  different  colors.  It  shows  the  Minnesota  shores  of  Rainy 
lake  and  considerable  territory  to  the  north  and  west  of  the 
lake;  the  outlines  of  the  bodies  of  water  in  Canadian  territory 
are  much  more  accurately  represented  than  on  any  other  map. 

The  second  map  is  entitled  "Map  of  the  Rainy  Lake  gold 
.district  from  Ft.  Francis  to  Kettle  falls,"  is  published  by  Pat- 
ton  &  Frank,  Duluth,  and  is  sold  at  fifty  cents  a  copy.  This  is 
on  a  scale  of  one  mile  to  one  inch.  It  shows  the  shores  of  Ka- 
betogama  lake,  the  Minnesota  shores  of  Rainy  lake,  and  the 
subdivisions  of  the  sections,  as  accurately  as  do  the  govern- 
ment township  plats;  but  the  Canadian  shores  of  Rainy  lake 
are  necessarily  less  accurately  shown. 

It  is  hoped  that  the  map  ( plate  i )  which  accompanies  this  re- 
port will  prove  useful.  The  scale  is  three  miles  to  one  inch. 
It  shows  the  different  rock  formations,  the  positions  of  the  vil- 
lages which  have  recently  sprung  up  in  this  region,  and  also 
the  more  important  mining  locations. 

OTHER  REPORTS  OF  GOLD  IN  MINNESOTA. 

Very  few  months  pass  in  which  there  is  not  some  report  in 
the  newspapers  of  gold  discoveries  somewhere  in  Minnesota. 
Prom  one  end  of  the  state  to  the  other,  in  all  kinds  of  situa- 
tions and  under  various  possible  and  impossible  conditions 
these  discoveries  have  from  time  to  time  been  reported.  Most 
of  them  fail  to  arouse  any  general  interest  and  are  soon  forgot- 
ten. But  in  some  instances  the  fact  of  some  real  basis  for  the 
reports,  or  the  persistence  and  deceptive  misrepresentations 
of  mining  swindlers  keep  the  rumors  alive  until  the  public  is 
actually  deceived  and  led  to  "take  some  stock"  in  them. 

It  is  a  fact  that  gold  is  widely  disseminated  in  nature,  and 
that  it  may  be  found  in  smalt  quantities  in  the  sand  and  gravel 
deposits  of  the  river  beds  and  lake  basins  of  the  state.    But 
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this  is  in  such  minate  quantities  and  iu  such  a  fine  state  of  di- 
vision that  it  is  seldom  noticed  and  is  rarely  the  cause  of  any 
of  these  unfounded  rumors.  Rusty  mica,  either  in  the  sand  of 
creek  beds  or  in  rotten  granite  boulders,  is  most  frequently 
mistaken  for  gold  by  the  uninformed.  Almost  every  week 
samples  of  this  stuff  are  sent  in  for  examination,  and  the  send- 
ers are  usually  very  loth  to  believe  that  the  shiny  particles 
have  no  value  whatever.  When  unprincipled  individuals  make 
such  discoveries,  or  find  quartz  veins,  no  matter  how  barren, 
particularly  in  a  fanning  community,  they  sometimes  makes 
pretense  of  starting  mining  operations,  and  succeed  in  selling 
considerable  amounts  of  stock  or  land  at  inflated  and  fictitious 
valuations. 

I.       REDWOOD   FALLS    "GOLDMINE," 

A  good  illustration  of  this  class  of  mining  operations  is  fur- 
nished by  those  of  the  Minnesota  Gold  Mining  and  Refining 
company.  For  several  months  this  corporation  furnished  re- 
ports to  the  daily  papers  of  the  wonderful  gold  quartz  found 
in  the  Minnesota  River  valley  near  Redwood  FalU,  or  mora 
properly  speaking,  near  Delhi,  about  eight  miles  from  Ked- 
wood  Falls.  These  news  items  recorded  the  progress  of  ex- 
plorations at  the  "mine"  owned  by  this  company.  Shafts  were 
being  sunk;  ore  was  being  taken  out,  and  sent  away  to  be  as- 
sayed and  even  in  car  lots  to  be  treated;  stamp  mills  were  or- 
dered, an  electric  light  plant  was  to  be  erected;  a  ^^Uage  was 
projected;  and  an  electric  road  was  talked  of,  to  accommodate 
the  miners  who  would  wish  to  go  to  and  fro  between  the  '  'mine" 
and  Redwood  Falls. 

The  corporation  was  organized  with  a  capital  stock  of 
{500,000  in  shares  of  $10  each,  and  stock  was  offered  for  sale 
at  *6  per  share,  a  valuation  of  |300,000  for  the  property.  The 
officers  of  the  company  were  active  in  disposing  of  this  stock, 
and  represented  their  ore  to  have  a  value  of  $40  to  $95  per  ton; 
saying  also  that  single  assays  had  given  results  as  high  as 
$2,960  per  ton.  Finding  that  many  citizens  of  the  state,  who 
could  ill  afford  to  throw  away  any  money,  were  likely  to  invest 
in  this  stock,  one  of  the  writers  made  a  visit  to  the  "mine"  and 
took  samples  of  the  rock  for  assay. 

The  developments  were  rather  disappointing  to  one  who  had 

read  the  newspai)er  stories.     Situated  in  the  Minnesota  River 

valley,  but  a  few  feet  above  the  water,  was  a  test  pit  lees  than 

20  feet  deep.     This  was  the  "mine."    The  "plant"  consist«d 
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of  a  board  shaaty,  a  wiDdlass  and  two  buckets.  The  large 
force  of  mes  for  whose  convenience  an  electric  road  was  to  be 
built  eight  miles,  consisted  of  five  laborers.  The  vein  was 
barren  quartz  in  a  ledge  of  granitoid  gneiss,  altogether  of  most 
unpromising  appearance.  Upon  assaying  the  samples  pro- 
cured,* no  gold  or  silver  was  found.  These  facts  were  at  once 
given  to  a  Minneapolis  newspaper  and  published,  togetlier 
with  other  items  of  a  confirmatory  nature,  resulting  in  a  sus- 
pension of  operations  at  the  "mine"  and  a  rapid  decline  of  the 
market  price  of  this  worthless  stock.  Similar  Rwindles  may 
again  be  inaugurated,  and  more  successfully  carried  out.  It 
would  appear  wise  to  have  so  meprecaution  taken  by  the  State 
against  them.  If  it  were  made  the  duty  of  some  state  officer 
to  inspect  all  reported  discoveries  of  valuable  mineral  deposits 
.and  publish  his  opinion  of  them,  those  who  were  unlearned  in 
such  matters  might  be  saved  many  losses,  and  the  reputation 
of  the  community  would  not  be  so  often  stained  by  such  trans- 
actions.! 

II.      GOLD   NEAE  ELY. 

Of  an  entirely  different  character  from  the  foregoing  is  the 
reported  discovery  of  gold  on  lot  6.  section  30,  T.  63-12,  near 
Ely,  Minnesota.  Indeed  it  has  been  known  for  some  years 
that  gold  occurs  in  quartz  veins,  between  Tower  and  Ely. 
Mention  was  made  of  the  fact  in  the  geological  report  for  1889 
and  assays  were  reported  of  samples,  taken  by  members  of 
the  geological  survey  corps,  showing  gold  to  the  amount  of 
a  dollar  per  ton.t 

On  Oct.  14,  1894,  the  first  blast  was  fired  in  the  above  men- 
tioned property  and .  assays  of  the  ore  thrown  out  from  the 
exploring  shafts  have  been  made  by  many  different  chemists, 
nearly  all  of  whom  found  some  gold  and  silver.  The  vein  has 
a  width  of  five  or  six  feet,  strikes  about  northeast  and  south- 

■Tbla  &u&r  wu  made  br  Sb&rpless  and  Wlntihell. 

tltabould  &lea  be  stated  tbattbe  loistlDgof  snob  minlag  scbenm  upon  tbe  pub- 
lic (or  tbe  parpoae  of  Btock-selltDS  Is  not  alwsji  due  to  the  Ignorance  or  tbe  traudu- 
lauideaigaH  of  tbeowTiera.  It  not  Id  frequent  I;  ha  opens  Id  MlBneaota,  as  Id  Arlian- 
eae  aDd  Oeorgla,  that  assarers  are  more  guilty  tban  the  active  promoters,  Tbe 
writer  haa  knowledge  of  several  such  orlmlaal  acts  no  (he  part  of  aasayera  In  Mlnae- 
aota.  There  la  a  strong  temptation  to  magnify  the  favorable  results  of  assays.  Tbe 
oapldlty  of  the  owner  once  aroused,  he  eaBlly  eDliats  several  of  bis  frleoda.  Tbe 
assayer's  busloess  Is  Increased  by  the  apreudlng  reports  and  he  ma;  keep  the  craze 
going  for  several  months  or  years  by  a  judicious  dIstrlbutloD  of  his  false  returns. 
Tbe  State  of  Minnesota  to-^a^  Is  oursed  by  tbe  practices  of  a  few  such  aesayers— 
against  whom  there  should  be  some  law  as  rigorous  as  against  quaok  dootors. 

N.   H.  WlHCHELI.. 

t  teth  Ann.  Report,  Htnn.  Qeol.  Sur..  pp.  IB,  21.  ISdO . 
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west,  and  has  a  vertical  dip.  It  is  said  to  be  a  contact  vein 
between  syenite  on  the  northwest  and  greenstone  on  tiie  south- 
east. This  vein  has  not  been  seen  by  us,  but  samples  from  it 
which  we  have  examined  show  a  quartz  fairly  well  mineralized 
with  pyrite  and  galena,  and  somewhat  mixed  with  wall  rock. 
Situated  close  to  the  Dulath  and  Iron  Range  railway  and  in 
other  respects  well  located  for  economical  development  and 
operation,  a  low  grade  ore  could  be  profitably  worked  here 
provided  it  occurs  in  sufficient  quantity.  This  can  be  deter- 
mined by  further  exploration.  The  owners  of  this  property 
are  C.  C.  Prindle.  A.  W.  Dutton,  B.  E.  Wells  and  Ed.  Mcintosh, 
of  Duluth. 

Work  of  exploration  is  being  prosecuted  on  the  same  vein  in 
sec.  25,  T.  63-13.  under  the  direction  of  Morris  Thomas,  of 
Duluth. 

CONCLUSION. 

Concisely  stated,  the  facts  described  in  the  foregoing  pages 
lead  to  the  following  conclusions:  There  is  gold  in  qaarti 
veins  in  the  vicinity  of  Rainy  lake.  As  yet  the  development 
is  insufficient  to  warrant  the  positive  assertion  that  profitable 
gold  mining  operations  can  be  conducted  there;  but  in  certmn 
localities  the  prospects  are  full  of  encouragement  and  promise 
to  the  conservative  operator. 

The  best  portion  of  the  district  for  gold,  so  far  as  at  present 
developed,  and  as  indicated  by  the  appearance  and  natare  of 
the  veins  and  the  geological  conditions  surrounding  them,  is 
not  within  the  limits  of  our  state.  Some  gold  is  found  south  of 
the  boundary  line,  and  its  discovery  was  the  starting  point  for 
the  explorations  so  vigorously  prosecuted  during  the  past  year. 
But.  as  in  all  other  mining  districts,  the  majority  of  the  veins 
are  not  worth  working,  and,  indeed,  many  of  them, chiefly  belong- 
ing to  the  class  of  segregated  veins,  contain  no  gold  whatever. 
There  are  excellent  opportunities  for  the  investment  of  capital 
in  the  gold  mining  industry  of  Rainy  lake;  but  unless  selected 
and  developed  with  discriminatiou  and  scientific  judgmeot 
the  chances  are  that  the  property  chosen  may  not  develop  into  a 
permanent  and  productive  mine.  It  is  our  confident  belief,  how- 
ever that  the  proper  forces  have  been  in  operation  at  several 
points  around  Rainy  lake  to  produce  auriferous  quartz  lodes 
of  a  richness  that  will  compare  favorably  with  those  of  .many 
other  prosperous  mining  districts. 
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If  the  development  of  operations  sow  in  progress  sLall  dem- 
onstrate the  existence  of  extensive  deposits,  as  we  believe  will 
be  the  case,  the  future  of  the  district  for  ^Id  mining  is  assured. 
It  is  even  now  EM»^essible  at  moderate  cost;  fuel,  water  and  wa- 
ter power  are  abundant,  and  labor  cheap.  Modem  methods 
have  made  the  cost  of  exploitation,  even  of  refractory  ores, 
much  less  than  it  was  only  a  few  years  ago.  With  the  large 
bodies  of  low  grade  ore  which  are  destined  to  furnish  the 
greater  part  of  the  world's  output  of  precious  metals  in  the  fu- 
ture, the  costs  of  mines  and  mills  as  advantageously  situated  . 
with  reference  to  wood  and  water  as  those  at  Rainy  lake,  have 
been  estimated  at  £2.00  a  ton  for  mining  and  ^.00  a  ton  for  bar- 
rel ciilorination  or  for  treatment  by  the'  cyanide  process  of 
ores  adapted  to  it,  and  from  which  90  per  cent  of  the  metal  can 
be  saved.  Where  practically  all  the  gold  can  be  extracted  by 
amalgamation,  as  at  present  at  Rainy  lake,  there  should  be  a 
good  profit  on  five  dollar  ore  in  permanent  veins  which  have 
an  average  width  of  five  feet  or  more. 

The  surprising  adaptability  of  the  soil  and  climate  of  the 
the  Rainy  Eiver  valley  for  agriculture,  together  with  its  stores 
of  timber  for  lumber  and  paper  manufacture  and  its  large  water 
power,  instill  in  us  the  conviction  that  northern  Minnesota  is 
an  empire  by  itself,  destined  in  the  near  future  to  become  the 
home  of  a  large  and  prosjierous  community  engaged  in  the  oc- 
CQpations  of  farming  and  manufacturing. 
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IV. 


THE  TOPOGRAPHICAL  SURVEY  OF  MINNESOTA*. 

By  W.  R.  Hoag. 

The  needs  of  the  people,  which  are  thought  to  fall  to  the 
government  or  to  the  State  for  supply,  are,  as  a  rule,  slow  in 
receiving  just  recognition.  Wherever  this  tardiness  becomes 
sufficiently  pronounced  to  warrant  it,  private  capital  steps  in 
and  frequently  supplies  the  need  much  more  quickly  and  fully 
than  public  sentiment  would  have  justified  congress  or  legis- 
latures in  doing.  Tradition  is  strong,  and  we  are  slow  to  dele- 
gate to  the  Nation  or  State  the  control  of  those  institutions 
which  are  now  serving  the  people  acceptably.  Especially  true 
is  this  with  those  having  their  birth  and  doubtful  beginnings 
since  the  establishment  of  our  government.  The  railroad,  the 
telegraph  and  telephone,  the  express  also,  might  be  named  as 
examples  in  point. 

It  is  believed  that  the  present  great  activity  in  the  world  of 
thought  and  letters  is  directly  incident  to  the  maintenance  of  a 
domestic  system  which  imposes  upon  those  embraced  in  it» 
tax  so  small  as  to  be  insufficient  to  pay  for  the  actual  service 
of  such  enterprises  as  those  named,  to  say  nothing  of  a  good 
profit  which,  if  continued  long  as  a  private  enterprise,  they 
must  afford  their  owners. 

While  the  question  of  imposing  upon  those  who  employ  a 
public  agency  little  or  none,  burdens  disproportionate  with  the 
accommodstioQ  received,  in  order  to  lighten  the  load  of  others 
who  use  it  much,  is  a  legitimate  topic  of  discussion  for  the  po- 
litical economist,  yet  all  are  agreed  that  such  a  tax  must  greatly 
stimulate  and  strengthen  whatever  it  thus  unquestionably  fa- 
cilitates. 

Who  shall  say  what  we  have  lost  as  a  nation  in  activity  and 
consequent  development  by  permitting  our  telegraph  systems 
to  remain  under  private  control  with  rates  and  conditions  cal- 

•  Read  before  the  Engineer's  club  of  MlDneapolts,  n«c.  19.  IWI,  by  W.  B.  Hiuc,  pro- 

tesBorotClTll  Engineering,  Dnlveraltyof  MinneBOta.  Rnd  state  topoKrapber,  in Ch»nre 
of  the  topograpblcal  surver. 
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culated  in  no  way  to  eDcourage  its  wider  use  by  the  citizen,  and 
as  a  rule  prohibitory  of  such  extension  except  where  cost 
counts  for  naught  or  the  time  element  is  a  ruling  consideration. 
The  great  question  of  transportation  incident  to  serving  man's 
needs  in  the  material  world  comes  up  with  equal  force.  Not 
that  we  ask  the  question,  shall  the  government  now  acquire 
control  of  the  rail  and  waterways,  but  rather  would  not  our 
territory  have  been  developed  much  more  rapidly  and  would 
not  alt  of  the  strengthening  and  enriching  effects  of  an  efficient 
and  economical  system  of  transportation  be  present  in  a  much 
larger  measure  than  they  are  to-day  had  the  government  from 
the  first  developed  railroad  transportation  the  same  as  it  has 
the  postal  system. 

There  is  another  class  of  needs  which  a  civilized  community 
soon  comes  to  feel,  but,  being  of  a  more  general  nature  than 
those  already  noted,  they  have  been  receiving  tardy  recogni- 
tion; and  especially  true  is  this  in  this  country,  where  the  na- 
tional government  has  taken  up  the  work  only  after  urgent 
specific  needs  have  demanded  their  consideration.  I  refer  to 
surveys  of  the  public  domain,  whether  conducted  with  a  spirit 
to  discover  the  resources  of  the  country  as  a  pui-ely  geologi- 
cal and  natural  history  survey,  or  as  a  topographical  survey  to 
meet  the  multiple  necessities  of  our  modern  civilization. 

Even  the  need  of  some  scientifically  consistent  plan  for  pur- 
poses of  description  and  partition  of  the  land  thrown  open  to 
settlement  did  not  move  congress  till  a  large  amount  of  such 
lands  had  been  disposed  of  and  in  a  manner  giving  the  most 
absurd  and  expensive  plan  for  farm  boundaries,  and  unduly 
increasing  the  cost  and  uncertainty  of  all  subsequent  land  sur- 
veys and  descriptions.  When,  finally,  the  rectangular  system 
of  our  public  land  surveys  was  devised  and  adopted  about  1810, 
the  standard  of  desirable  accuracy  was  placed  so  low,  and  the 
execution  of  it  by  inexperienced  contractors  was  so  lamentably 
poor  and  the  government  inspection  of  it  in  many  cases  so  farc- 
ical, that  it  has  been  estimated  that  the  additional  cost  to  the 
people  from  litigation,  resulting  alone  from  such  poorly  defined 
land  boundaries  directly  incident  to  such  cheap  survey,  has  al- 
ready far  exceeded  what  would  have  been  necessary  to  make 
an  absolute  topographical  survey  of  the  same,  in  which  every 
important  sutidivision  line  would  be  given  exact  position  by  a 
system  of  triangulation  and  traverse,  all  having  ultimate  con- 
trol in  a  rigid  system  of  geodetic  triangulation.  In  17 —  it  was 
seen  that  there  was  need  of  exact  knowledge  of  our  coast  line. 
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both  for  developing  and  protecting  the  shipping  interests  and 
for  purposes  of  public  defense,  to  meet  which  the  U.  S-  Coast 
Survey  was  organized,  and  began  this  great  work  in  1807.  In 
1S41  the  Lake  Survey  was  organized  for  the  definite  purpose 
of  making  a  geodetic  survey  of  our  shore  line  of  the  great 
lakes.  In  1878  the  G-eological  Survey  was  given  the  special 
work  of  conducting  geological  researches  in  the  western  ter- 
ritories and  has  since  extended  its  field  to  the  whole  country, 
and  more  recently  has  been  confining  itself  largely  to  topo- 
graphical surveys,  in  the  absence  of  which  it  found  itself  una- 
ble to  conduct  with  satisfaction  its  geological  studies.  The 
coast  lines  having  been  about  completed  in  1870,  except  those 
of  Alaska,  the  work  of  the  Coast  Survey  was  enlarged  by  act 
of  congress  in  1871  to  include  hydrographic  and  topographic 
work  on  the  great  rivers  of  the  country  except  the  Mississippi 
and  Missouri  rivers,  which  had  been  assigned  to  special  com- 
missions in  charge  of  the  army  and  navy. 

The  Coast  Survey,  with  the  broadened  title  of  Coast  and 
Geodetic  Survey,  was  also  instructed  to  conduct  a  grand  system 
of  transcontinental  triangulation  and  precise  levels  for  the  pur- 
pose, aside  from  those  purely  scientific  in  character,  of  coordi- 
nating not  only  all  of  its  own  work  but  that  of  any  other  agen- 
cy. This  latter  function  was  calculated  to  aid  especially  in 
fixing  international  and  interstate  boundaries,  and  thereby  h) 
encourage  state  work  of  somewhat  like  character.  To  still  fur- 
ther aid  each  State  in  prosecuting  its  topographical  survey  the 
U.  S.  Coast  and  Geodetic  Survey  was  authorized  to  conduct  a 
separate  triangulation  as  a  basis  for  such  surveys,  in  those 
states  having  in  vigorous  operation  their  own  state  geological 
surveys. 

To  the  U.  S.  Coast  and  Geodetic  Survey  was  also  entrusted 
the  work  of  conducting  a  magnetic  survey  of  the  country. 

Congress  has  not  seen  fit  to  create  an  institution  whose  prime 
function  shall  be  to  make  a  complete  and  accurate  topograph- 
ical map  of  the  territory  of  the  United  States.  Nor  is  it  likely 
to,  since  there  are  already  a  number  of  district  surveys  one 
of  whose  functions  is  to  make  such  a  survey  of  its  immediate 
locality;  moreover,  the  avowed  purpose  of  one  of  the  lines  of 
work  of  its  oldest  survey — the  Coast  and  Geodetic — is  to  assist 
the  different  States  in  carrying  on  their  own  topographical 
surveys. 

A  further  reason  that  the  plan  of  individual  state  surveys  is 
likely  to  prevail  consists  in  the  pride  each  State  has  in  dlsoov- 
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eriug  acid  developing  its  own  resources;  in  fact  each  indepen- 
dent State  desires  to  supply  all  the  needs  of  its  citizenB,  so  f  aT 
as  they  can  be  supplied  within  the  state,  and  as  far  as  possible 
from  its  own  resources. 

Another  difficulty,  attending  a  general  plan  covering  the 
whole  country,  appears  when  we  consider  that  some  sections  of 
the  country,  on  account  of  local  diMculties,  coupled  with  the 
desirability  of  great  accuracy  and  full  detail,  might  cost  from 
two  to  five  times  as  much  to  be  adequately  represented  on  the 
topographical  sheet  as  other  sections. 

Again,  some  States  from  a  keen  sense  of  appreciation  of  the 
economic  worth  of  a  reliable  topographical  map,  will  need  to 
have  much  more  detailed  work  done,  costing  much  more,  than 
could  be  he  carried  out  in  other  states  on  any  general  plan  of 
equity  to  all.  Just  this  thing  hasalready  happened  in  the  state 
of  Massachusetts  when  the  national  Geological  Survey  pro- 
posed to  conduct  for  it  its  topographical  survey  if  the  State 
would  meet  half  the  expense.  In  arranging  the  details  of  the 
contract  it  appeared  that  the  Geological  Survey  desired  to  do 
the  work  according  to  its  usual  plan  followed  elsewhere  under 
like  topographic  conditions.  The  commission  objected  to 
this  plan,  claiming  that  the  State  could  not  afford  to  meet  even 
half  the  expense  of  such  a  survey,  as  it  would  give  them  a  map 
little  better  than  the  one  they  already  had. 

In  other  states,  by  reason  of  general  inactivity  in  all  matters 
relating  to  public  improvement,  even  a  map  of  average  cost 
would  meet  no  preseot  need,  and  all  money  so  expended  would 
be  lost  to  the  country,  until  the  State  should  awake  to  an  ap- 
preciation of  its  true  worth.  On  the  other  hand,  not  to  carry 
the  work  along  about  equally  in  the  different  states  would  be  a 
manifest  injusticc- 

Another  evil  which  must  attend  such  general  plan  is  the  fol- 
lowing: 

Any  such  national  survey  must  have  at  its  head  a  director  or 
superintendent  with  power  to  direct  the  details  of  the  work — 
the  general  policy  alone  could  be  fixed  by  congress.  That  sur- 
vey, dependent  upon  the  coatiaued  favorable  action  of  con- 
gress for  maintenance  will,  if  it  be  loyal  to  its  own  cause,  en- 
deavor to  merit  and  giun  the  support  of  a  majority  in  congress. 
But  each  congressman  is,  as  a  rule,  keen  to  see  that  his  State 
is  receiving  its  full  share  of  the  benefits  from  such  legislation, 
not  receiviog  which  he  withdraws  his  support.  A  system  of 
political  trading  results  and  friendly  relations  are  maintained 

Digitized  byCOOgIC 


no  TWENTY-THIRD  ANNUAL  REPORT 

by  work  in  some  states  and  promises  in  others  sufficient  to  con- 
trol a  safe  majority  in  confess — which  must  result  in  a  shift- 
ing policy  of  the  survey  and  a  consequent  discontinuation  of 
the  work  in  some  states  In  order  to  resume  operations  in  others 
— which  changes  must  follow  closely  and  actively  every  change 
in  the  political  color  of  congress.  In  that  manner  a  great 
agency,  created  to  subserve  the  best  interests  of  the  people 
impartially  in  a  specific  work,  must  sooii  degenerate  into  a  vast 
political  machine,  an  incidental  feature  of  it  being  to  do  topo- 
graphical work,  the  main  function  being  to  serve  congress. 
While  this  picture  may  seem  overdrawn  to  some,  I  firmly  believe 
that  in  view  of  the  difficulties  present,  some  of  which  I  have 
specified  ^bove,  no  such  survey  could  survive  a  saffident 
length  of  time  to  even  become  efficiently  operative  without 
coming  substantially  to  this  condition. 

Indeed,  this  notmtry  has  already  furnished  proof  of  this  in- 
evitable tendency,  and  its  development  has  been  such  that 
one  familiar  with  the  modus  operandi  of  our  national  surveys 
can  not  fail  to  see  it.  All  this  can  be  easily  avoided  by  alloff- 
ing  each  State  to  take  up  its  own  work  at  the  time  and  in  the 
manner  which  seems  to  it  wise— conserving  all  the  interests  of 
the  State  and  receiving  whatever  aid  from  the  general  govern- 
ment it  may  without  sacrificing  its  control. 

Though  many  States  are  at  present  engaged  in  conducting 
topographical  surveys,  according  to  one  plan  or  another,  bat 
three,  Massachusetts,  Connecticut  and  New  Jersey,  have  com- 
pleted such  surveys .  In  fact,  considering  the  wide  gap  we  have 
nearly  closed  with  other  nations  of  the  world  in  the  past  half 
century  in  education  and  science,  in  transportation  and  inven- 
tion and  indeed  in  much  that  contributes  to  the  wealth  and 
greatness  of  a  nation,  we  are  far  behind  them  in  appreciation 
of  the  economic  worth  of  an  accurate  topographical  map.  As  a 
natural  result  we  find  that  few  States  have  taken  advantage  of 
the  valuable  cooperation  offered  by  the  U.  S.  Coast  and  Geo- 
detic Survey  in  furnishing  free  to  the  State  a  preliminary 
triangulation,  which  must  precede  as  a  foundation  all  topo- 
graphical work  proper,  Minnesota  being  ninth  ( ?)  in  the  list 
to  thus  cooperate. 

The  mining  engineer  fully  realizes  the  value  of  a  reliable 
topographical  map  of  that  section  which  is  to  be  the  field  of 
his  professional  labor. 

The  municipal  engineer  knows  that  by  the  aid  of  an  accural 
topographical  map  only  can  he  vrith  certainty  discuss  questions 
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relating  to  sources  of  water  supply,  locatioa  of  reservoirs  and 
standptpes  or  trace  outlines  ot  natural  drainage  for  use  in  de- 
signing the  most  efficient  and  economical  system  of  sewerage 


To  the  sani  tary  engineer  it  becomes  a  valuable  aid  in  search- 
ing out  sources  of  contamination  in  wells  or  surface  supply. 

The  geologist  requires  the  aid  of  the  topographical  map  for 
the  fullest  exposition  of  his  results,  especially  in  problems 
touching  physical,  stratigraphical  and  glacial  geology. 

The  hydraulic  engineer  would  need  little  else  to  determine 
the  site  and  value  of  mill  privileges  or  to  study  the  matter  of 
overflow  of  land  relating  thereto. 

The    survey  is  of    great  value  in  prosecuting    studies  in 
natural  history  and  meteorology.      To  the  civil  engineer  an 
adequate  topographical  map  is  the  foundation  upon  which     ' 
nearly  all  his  problems  must  rest  to  insure  economic  solution. 

It  has  been  estimated  that  Massachusetts  alone  has  paid 
$20,000,000  since  1836  in  railway  expenditures  over  what  would 
have  been  necessary  had  it  possessed  at  that  time  accurate 
topographical  maps  of  its  territory. 

The  army  engineer  can  increase  by  one  quarter  the  efRciency 
of  the  army  by  supplying  it  with  topographical  maps,  enabling 
it  to  take  advantage  of  every  important  feature  of  the  land. 
Our  late  civil  war  was  undoubtedly  prolonged  not  a  little  by 
reason  of  the  superior  knowledge  of  their  own  territory  pos- 
sessed by  the  southern  generals,  gained  mostly  by  hastily  pre- 
pared maps  made  Immediately  before  and  during  the  war. 

To  the  agricultural  districts  the  topographical  map  proves 
of  greatest  value.  It  aids  in  the  establishment  and  mainten- 
ance of  a  scientific  system  of  highways,  which  to-day  is  the 
severest  tax  the  farmer  pays.  It  would  give  a  uniform  and 
absolute  means  of  determining  land  lines  and  comers  and  also 
data  for  settling  all  questions  of  land  drainage  or  irrigation. 

It  more  proof  is  desired  showing  the  need  of  better  maps  of 
our  territory  than  furnished  by  the  original  land  surveys, 
made  half  a  century  ago,  it  appears  in  the  fact  that  private 
concerns  have  prepared  such  maps  and  have  found  sale  for 
them  among  the  people,  sufficient  to  justify  the  undertaking. 
The  more  settled  portions  of  our  state  have  thus  been  twice 
surveyed  and  mapped  already  and  some  sections  many  more 
times. 

These  are  among  the  leading  benefits  to  be  derived  from  a 
reliable  topographical  map,  and  are  named  only  as  a  part  of 
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the  ways  m  which  the  survey  would  booh  come  to  famish 
economic  returns. 

Some  of  the  European  States  have  covered  their  territory 
with  repeated  surveys,  the  earlier  ones  being  of  no  present 
value,  except  to  have  served  the  very  useful  purpose  of  fur- 
nishing a  field  in  which  to  develop  what  a  topographical  map 
must  be  to  meet  the  demands  of  our  modern  civilization. 

Shall  we,  as  a  State,  acquire  an  adequate  topographical  map 
by  this  costly  method?  Or  shall  we,  by  adopting  the  most 
modem  practice  of  the  science,  prove  that  we  do  not  need 
these  costly  trial  lessons?  This  question  received  its  first 
answer  in  the  State  legislature  of  1872,  which  committed  us  to 
the  policy  of  conducting  our  own  survey  and  the  making  of 
such  measurements  as  may  be  necessary  for  an  accurate  map 
of  the  state. 

This  was  the  provision  made  in  sec.  5  of  the  act  creating  the 
Geological  and  Natural  History  Survey,  which  was  drafted  by 
W,  W.  Polwell,  introduced  in  the  legislature  by  senator  J.  S. 
Pillsbury,  a  regent  of  the  University,  and  received  governor 
Horace  Austin's  approval  March  1,  1872. 

A  second  answer  to  this  question  was  given  in  1867,  at  which 
time,  upon  recommendation  of  N.  H.  Winchell,  state  geoloi^t, 
the  writer  was  appointed,  by  the  superintendent  of  the  Coast 
and  Geodetic  Survey,  acting  assistant  and  given  immediate 
charge  of  their  operations  in  this  state. 

The  purpose  of  having  these  acting  assistants  appointed  by 
the  superintendent  of  the  U.  S.  Coast  and  Geodetic  Survey 
was  to  bring  that  part  of  the  work  requiring  the  most  expen- 
sive instruments,  rigid  field  methods  and  office  reductions,  un- 
der the  direct  supervision  of  one  central  highly  professional 
authority.  This  alone  insures  that  uniformity  necessary  where 
each  state  survey  is  an  integral  part  of  the  one  continental  sur- 
vey. It  saves  each  State  the  expense  of  providing  costly  in- 
struments needed  only  during  the  progress  of  the  survey,  as 
well  as  all  instruments  for  conducting  the  primary  triangula- 
tion,  vertical  measures,  leveling  and  magnetics.  The  general 
direction  and  care  of  the  field-work  being  in  the  hands  of  officers 
of  life  long  experience,  and  the  reduction  of  the  notes  made  by 
professional  computers  at  Washington  assure  that  degree  of 
accuracy  which  is  essential  to  securing  all  of  the  objects  of  the 
survey;  at  the  same  time  local  interests  are  conserved  by  the 
fact  that  the  actual  field  work  is  executed  by  citizens  of  the 
state,  all  the  expenses  of  the  work  being  borne  by  the  National 
Survey. 
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Early  in  June,  1B87,  work  was  be^aa  and  has  coDbiQued  al- 
most uninterruptedly  during  the  summer  months.  During  this 
time  EistroDomical  latitude  and  telegraphic  longitude  have  been 
established  at  a  station  in  the  University  grounds  to  serve  as 
the  absolute  starting  point  of  the  survey.  A  primary  base-line 
5^  mites  in  length  has  been  prepared  and  measured,  located 
along  Snelling  avenue,  St.  Paul,  which  furnishes  the  element 
of  distance  to  all  lines.  A  line  of  precise  levels  has  been  run 
from  the  nearest  sea-elevation  bench-mark  to  this  base-line, 
thus  giving  it  sea  elevation.  From  this  base  line  with  its  lati- 
tude, longitude  and  sea  elevation  accurately  known,  a  complete 
system  of  triangulation  has  been  extended  over  the  greater 
part  of  Hennepin,  Hamsey,  Washington,  Dakota,  Ooodhue. 
Wabasha  and  Winona  counties,  fully  preparing  this  territory, 
amounting  to  about  2,500  square  miles,  for  final  topographical 
mapping.  Besides  this,  other  work,  of  the  character  of  a  re- 
connoissance,  looking  to  a  plan  of  triangulation,  has  been  done 
in  Chisago.  Anoka.  Wright,  Carver,  Scott,  Rice,  Dodge  and 
Olmsted  counties.  For  the  past  two  years  observations  have 
been  made,  at  all  stations  occupied  for  magnetic  declination, 
with  the  view  to  making  at  an  early  date  a  complete  magnetic 
map  of  the  state  for  the  use  of  all  couoty  surveyors.  During 
the  ^BiSt  season,  employing  instruments  loaned  by  the  Coast 
and  Geodetic  Survey,  the  Civil  Engineering  Department  of  the 
University  has  been  conducting  systematic  observations  at  a 
magnetic  station  located  at  the  experimental  farm.  The  past 
season  has  been  spent  in  work  upon  a  topographical  sheet  cov- 
ering the  twin  city  district — including  about  225  square  miles, 
the  first  part  of  the  season  being  devoted  to  the  plane-table 
triangulation — the  latter  part  to  filling  in  the  topography.  The 
topographical  work  proper  has  been  mostly  confined  to  the  in- 
terurban  district  west  of  Snelling  avenue,  and  along  the  Mis- 
sissippi river  and  lake  and  park  regions  of  the  cities  where 
the  city  recoi-ds  would  not  furnish  adequate  details. 

During  the  progress  of  the  triangulation.  in  addition  to  lo- 
cating the  primary  stations,  which  are  15  to  25  miles  apart,  the 
superintendent  has  ruled  that  the  acting  assistants  will  be  al- 
lowed to  make  observations  upon  any  other  objects,  such  as 
church  spires,  tall  chimneys,  towers,  etc.,  with  the  view"  to 
giving  them  position  for  use  as  secondary  stations  necessary  to 
the  state  topographical  survey  when  such  objects  can  be  sub- 
served without  extra  cost  to  the  national  survey. 
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Since  ecoDom;,  as  well  as  accuracy,  demands  that  the  pri- 
mary stations  be  located  as  far  distant  from  each  other  as  pos 
sible,  in  most  cases,  it  is  of  the  greatest  importance  that  these 
secondary  points — in  sufBcient  number  and  in  favorable 
positions — be  chosen  and  located  during  the  progress  of 
the  primary  work.  Especially  is  this  tme  when  tall  observing 
towers  must  be  erected  at  the  primary  stations  to  overcome 
surrounding  woods  or  intervening  ridges,  since  such  towers 
are  not  likely  to  remain  in  position  until  needed  by  the  State 
in  its  topographical  survey.  If  they  be  destroyed,  the  second- 
ary and  tertiary  stations  could  not  be  located  except  by  a  re- 
building of  the  original  towers,  incurring  additional  expense 
and  delay.  During  the  progress  of  the  work  in  Hennepin, 
Kamsey,  Washington  and  Dakota  counties  but  three  towers 
were  required,  and  sufficient  church  spires,  wind  mill  towers, 
etc.,  could  be  observed  for  secondary  points. 

Quite  the  opposite  conditions  are  met  in  Goodhue,  Wabasha 
and  Winona  counties,  and  towers  are  required  at  nearly  all  sta- 
tions, ranging  in  height  from  24  to  64  feet,  and  but  few  second- 
ary points,  except  windmill  towers,  could  be  established  owing 
to  the  small  number  of  objects  sighted.  These,  from  their 
great  number  and  similarity,  proved  of  very  little  value,  since 
all  attempts  at  identification  proved  futile.  The  appearance 
of  this  latter  difficulty,  which  threatened  to  seriously  impair 
the  usefulness  of  the  main  triangulation  led  the  regents  of  the 
University  of  Minnesota,  in  the  spring  of  1892.  to  appoint  the 
writer  as  state  topographer,  with  instruction  to  establish  such 
secondary  stations  as  would  render  the  broader  triangalation 
of  value  to  the  state  topographical  survey. 

A  state  topographical  survey,  such  as  is  contemplated,  is 
based  upon  absolute  geodetic  points  and  conducted  by  actual 
measurements  and  observations,  the  methods  and  degree  of  ac- 
curacy throughout  being  sufScient  to  enable  a  map  to  be  madeca- 
pableot  showing  accurately  all  topographical  features  as  to  dis- 
tance, direction  and  elevation,  i.  c. ,  to  show  accurately  the  position, 
shape,  direction,  character,  elevation,  etc.,  of  all  lakes,  rivers, 
hills,  ridges,  valleys;  woodland,  prairie  or  cultivated  lands: 
government  lines  and  comers;  all  highways,  railroads  and 
canals;  all  buildings  iu  the  country  and  in  villages  and  cities; 
wiUi  contour  lines  which  would  show  natural  drainage,  the 
grade  or  pitch  of  all  roads,  the  descent  of  all  rivers,  etc. 
Besides  these,  together  with  many  other  details  which  would 
be  represented  on  the  map,  the  survey  comprehends  a  pub- 
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lished  report,  issued  at  convenient  intervals  during  the  pro- 
gress of  the  work,  which  shall  contain,  besides  the  usual 
report  on  general  progress  of  the  work,  expenditures  and  esti- 
mates, etc.,  a  fall  account  of  all  methods  and  description  of 
instruments  employed,  and  methods  and  results  o*f  the  official 
reduction  and  computation.  The  principal  purpose  of  the 
report  is  to  show  more  accurately  than  can  be  platted  on  a 
map,  the  exact  data  gained  by  the  field  work,  which  accuracy 
is  necessary  for  its  proper  continuance,  and  for  various  uses, 
practical  and  scientific.  The  value  of  such  a  survey  to  the 
State  need  not  be  argued,  for  the  history  of  the  progress  of 
topographical  surveys  in  tJl  civilized  countries  is  sufficient 
proof  of  their  economic  worth,  the  facts  being  that  the  older 
and  more  advanced  nations,  as  England,  France,  Germany  and 
Spain  have  been  the  leaders  in  the  science  of  topography  and 
geodesy,  each  devoting  large  sums  of  money  to  gain  suffici- 
ently accurate  and  reliable  maps  of  its  territory.  The  need  of 
sncb  maps  increases  with  the  increase  in  land  values,  and  the 
density  of  population,  and  with  the  multiplied  needs  of  an 
advancing  civilization. 
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V. 

HISTORICAL   SKETCH  OF    THE    DISCOVERY  OP 

MINERAL  DEPOSITS  IN  THE  LAKK 

SUPERIOR  REOION.* 

By  Horace  V.  Wincheli.. 


The  development  of  mining  industry  in  the  territory  about  as 
is  so  recent  that  its  very  beginning  lies  within  the  recollection 
of  many.  The  earliest  statistics  of  production  commence  but 
half  a  century  ago,  and  yet  how  wonderful  the  growth  and  how 
fabulous  its  story!  It  might  appear  at  first  sight  unnecessary 
to  detail  the  early  history  of  so  young  an  industry  in  so  new  a 
region.  But  most  of  us  are  newcomers  here  and  have  taken 
things  Eis  we  found  them,  without  a  careful  investigation  into 
the  beginning  of  it  all.  We  are  well  aware  of  the  fact  that  we 
are  in  the  midst  of  a  district  of  marvelous  natural  resources. 
We  know  full  well  that  in  addition  to  our  natural  advantages 
American  inventive  skill  and  indomitable  enterprise  have  pushed 
developments  until  our  iron  and  copper  mines  are  the  wonder 
of  the  civilized  world,  and  knowing  these  things  we  may  have 
overlooked  the  day  of  small  beginnings,  and  forgotten  to  inquire 
to  whom  we  owe  our  present  fame  and  wealth.  It  therefore 
seems  appropriate  that  a  brief  summary  of  the  order  and  date 
of  early  events  should  be  presented  before  this  Institute.  Some 
of  our  traditions  may  hot  have  a  basis  of  tact,  and  others  may 
have  become  more  or  less  intermingled  with  fiction.  It  shiJI 
be  our  endeavor  to  collect  the  scattered  data  and  present  a  nar- 
rative which  shall  render  honor  to  whom  honor  is  due  for  the 
discovery  of  our  mineral  wealth. 


LakpSupcrlor  Mining  ItistlCiiM,  i 
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Although  the  exploitation  of  our  miDes  on  a  commercial  scale 
has  been  in  progress  less  than  two  generations,  we  cannot  pride 
ourselves  on  being  the  original  discovers  and  users  of  the 
metals  they  produce.  I  shall  make  quotations  from  the  several 
■writers  on  the  subject,  during  the  reading  of  this  paper,  with- 
out giving  eziKt  reference  in  each  case.  The  bibliographical 
list  appended  hereto  will  furnish  i&formation  as  to  the  place 
where  the  reports  quoted  appeared.  As  to  the  use  of  metals  by 
the  Indians,  Jackson  remarks: 

LonK  anterior  to  the  settlement  of  tbfs  country  by  white  men  thechil- 
dreo  of  the  forest  were  familiar  with  the  use  of  native  metala,  such  as 
gold,  silver,  copper,  and  perhaps  meteoric  Iron.  Their  wandering  mode 
of  life  prevented  the  cultivation  of  the  metallurgic  art,  and  it  ia  not  sup- 
posed that  they  knew  how  to  reduce  metals  from  their  ores  by  the  forge 
or  furnace.  There  Is  reason  to  believe  tbst  the  aborigines  In  some  parts 
of  the  country  understood  the  art  of  obtaining  metallic  lead  from 
thesulphuret,  for  the  metal  Is  so  easily  reduced  from  that  ore  by  roasting 
It  on  an  ordinary  log  flre,  tbat  It  seems  impossible  for  them  to  have  failed 
to  obtain  lead  if  they  even  threw  pieces  of  the  ore  Into  a  Sre.  In  the 
western  states,  where  the  lead  ores  occur  loose  In  the  soil  and  in  decayed 
seams  of  the  rocks,  the  Indians  would  have  been  most  likely  to  have  dis- 
covered the  art  of  smelting  lead.  That  metal  is  probably  the  only  one 
they  knew  how  to  extract  from  its  ores.  But  they  und>irstood  the  art  of 
annealing  the  native  metals  by  means  of  flre  and  we  Bad  proofs  In  the 
ancient  workings  on  Lake  Superior,  as  well  as  In  the  accounts  recorded 
by  the  ancient  French  Jesuits,  who  were  the  first  Europeans  that  visited 
the  lake,  that  the  Indians  hullt  fires  on  and  around  the  masses  of  native 
copper  whlcb  were  too  large  to  be  removed,  and  after  softening  the  metal, 
cut  off  portions  with  their  hatchets.  They  understood  how  to  fashion 
the  malleable  native  metals  into  all  the  various  weapons,  ornaments  or 
tools  employed  by  them,  and  manifested  considerable  Ingenuity  and  skill 
in  this  handicraft,  but  no  proofs  have  ever  been  discovered  that  they  ever 
made  any  castings  of  metals  fusible  at  a  high  temperature.  Throughout 
the  continent,  wherever  gold,  silver  or  copper  Is  found  native  in  the  soil, 
or  In  the  decayed  rocks,  the  abo'riglnal  inhabitants  were  accustomed  to 
work  these  metals  Into  various  articles,  byhammering  them  with  smooth 
stones,  affixed  to  a  withe  bound  round  in  a  groove  cut  In  the  middle  of 
the  stone.    (Op.  Clt.,  p.  373.) 

But  these  "first  families  of  America"  went  farther  than  the 
use  of  metals  found  in  the  glacial  drift.  They  engaged  in  the 
operations  of  mining,  in  a  manner  similar  to  that  revealed  in 
the  earliest  mines  of  Great  Britain,  and  with  equally  crude  im- 
plements. Of  some  of  these  prehistoric  mines  Whittlesey 
speaks  as  follows: 

The  evidences  of  ancient  mining  operations  within  the  mineral  re- 
gion of  Lake  Superior  were  first  brought  to  public  notice  in  the  winter  of 
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IB47-8.  Although  the  Jesuit  fathers  frequeatly  mention  the  ezisteDce  of 
copper,  and  even  use  the  term  mines,  It  is  clear,  from  the  general  tenor 
of  their  narratives,  tha};  they  neither  saw  nor  knew  of  an;  actual  nun- 
ing  In  the  technical  sense  of  that  word.  They  announced  as  early  as  the 
;e»r  1636  the  preeence  of  native  copper,  and  refer  to  It  as  baring  been  tak- 
en from  tbe  "mines."  This  was  prior  to  the  time  when  they  badttaein- 
Belves  visited  the  Great  Lake,  and  their  information  was  derived  from 
Indians.  At  the  same  time  they  speak  with  equal  certainty  of  mines  of 
gold,  rubia  and  tteel;  but  it  must  be  borne  In  remembrance  that  the  French 
word  is  not  equivalent  to  our  English  mines,  but  may  be  more  correctlj 
rendered  veins  or  deposits  of  metals  or  ores. 

In  the  "BelatioQs"  for  1859-60  after  missions  had  been  estab- 
lished OD  lake  Superior,  the  region  is  reported  to  be  "enriched 
in  all  its  borders  by  mines  of  lead  almost  pure,  and  of  copper 
all  refined  in  pieces  as  large  as  the  fist,  and  of  great  rocks 
which  have  whole  veins  of  turquoise !"  It  is  probable  that 
these  accounts  are  second-hand,  and  such  as  the  Chippewas 
gave  when  they  exhibited  to  the  fathers  specimens  of  natave 
metal  in  the  shape  of  water- worn  pieces  and  small  boulders. 

Boucher,  in  the  "Histoire  veritable,"  etc.,  in  1640,  asserts 
that  "there  are  in  this  region,  mines  of  copper,  tin,  antimony 
and  lead."  He  speaks  of  a  great  island  fifty  leagues  in  circum- 
ference, which  is  doubtless  the  one  now  called  Michipicoten, 
where  "there  is  a  very  beautiful  mine  of  copper."  Copper  was 
alsofoundinother  places  in  large  masses  "all  refined";  in  one  in- 
stance an  ingot  of  copper  was  discovered  which  weighed  more 
than  800  pounds,  and  from  which  the  Indians  cut  oS  pieces 
with  their  axes  after  having  softened  it  by  fire.  All  this  in- 
formation Boucher  obtained  from  some  French  traders,  and 
not  from  his  own  observation. 

The  discovery  of  the  first  ancient  mine  is  credited  to  Mr. 
Samuel  O.  Knapp,  agent  of  the  Minnesota  Mining  company. 
It  was  in  the  winter  of  1847-48,  at  the  Minnesota  Copper  mine, 
and  the  discovery  is  thus  related  by  Foster  and  Whitney: 

In  passing  over  a  portion  of  the  location  now  (1850)  occupied  by  tbe 
HlnnesoiA  Mining  Co.,  he  observed  a  continuous  depression  in  the  soil, 
which  he  rightly  conjectured  was  caused  by  the  disintegration  of  a  vein. 
There  was  a  bed  of  snow  on  the  grouad  three  feet  In  depth,  but  it  had 
been  so  little  disturbed  by  the  wind  that  It  conformed  to  the  Inequal- 
ities of  the  surface.  Following  up  these  Indications  along  the  southern 
escarpment  of  the  hill,  where  tbe  company's  works  are  now  erected,  he 
came  to  a  longitudinal  cavern,  Into  which  he  crept,  aft«r  having dispos- 
seeaed  several  porcupines  which  had  selected  it  as  a  place  of  hibernation. 
He  saw  numerous  evidences  to  convince  him  that  this  was  an  artiSctal 
excavation,  and,  at  a  subsequent  day,  with  the  assistance  of  two  or  three 
men,  proceeded  to  explore  it.  In  clearttig  out  the  rubbish  they  found 
numerous  stone  hammers,  showing  plainly  that  they  were  the  mintng  lu- 
Dgiize.  ..Google 
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plemente  of  a  rude  race.  At  tbe  bottom  of  the  escavatloD  they  fouad  a 
Teio  with  ragged  projectioDS  of  copper,  which  the  ancient  miners  had  Dot 
detached.    This  polDt  fs  east  of  the  present  works. 

TLe  followlDR  spring  he  explored  some  of  the  excavations  to  the  west, 
where  one  of  the  shafts  of  the  mine  is  now  sunk.  The  depression  was 
twenty-siz  feet  deep.  Oiled  with  clay  and  a  matted  mass  of  mouldering 
vegetable  matter.  When  he  had  penetrated  to  the  depth  of  eighteen 
feet,  he  came  to  a  mafia  of  native  copper  ten  feetlong,  three  feet  wide,  and 
nearly  two  feet  thick,  and  weighing  over  six  tons.  On  digtjing  around  it 
the  mass  was  found  to  re^t  on  billets  of  oak  supported  by  sleepers  of  the 
same  material.  This  wood,  specimens  of  which  we  have  preserved,  by  its 
long  exposure  to  moisture,  is  dark-colored  and  has  lost  all  its.  consistency. 
A  knife-blade  may  be  thrust  Into  It  as  easily  as  into  apeat-bog.  The  earth 
was  so  packed  around  the  copper  as  to  give  it  adrm  support.  The  ancleot 
miners  had  evidently  raised  it  about  five  feet  and  then  abandoned  the 
workas  toolaborous.  They  had  taken  ofT  every  projecting  point  which 
was  accessible,  so  that  the  exposed  surface  was  smooth.  Below  this  the 
vein  was  subsequently  found  filled  with  a  sheet  of  copper  five  feet  thick 
and  of  an  undetermined  Extent  vertically  and  longitudinally. 

No  less  than  ten  cart  loads  of  stone  hammers,  both  with  acd 
without  grooves,  were  found  in  this  vicinity,  besides  a  variety 
of  other  mining  tools,  among  which  may  be  mentioned  cedar 
gutters  or  troughs  to  drain  off  the  water,  which  was  baled  up  in 
wooden  bowls,  cedar  shovels,  copper  wedges  or  gads,  copper 
chisels  and  spear  heads,  ladders  formed  of  oak  trees  with  the 
branches  left  projecting,  wooden  levers,   copper  mauls,  etc. 

There  wore  three  principal  groups  of  these  ancietil  diggings 
on  Keweenaw  point,  viz:  One  a  little  below  the  forks  of  the 
Ontonagon  river,  another  at  Portage  lake  and  a  third  on  the 
waters  of  Eagle  river.  Although  the  old  works  were  not  al- 
ways situated  on  good  veins,  yet  they  were  regarded  by  prac- 
tical miners  as  good  guides  to  the  valuable  lodes.  There  were 
other  veins  on  isle  Royalo  and  near  the  north  shore,  opposite 
Keweenaw  point,  which  were  extensively  wrought  in  olden 
times.  Whittlesey  also  states  that  in  the  other  direction,  '  'sixty 
and  eighty  miles  to  the  southeast,  in  the  iron  region  near  Mar- 
quette are  remains  that  are  also  ancient." 

The  date  when  these  mines  were  worked  and  the  races  that 
wrought  them  are  unknown.  It  is  generally  believed  that  the 
tools  and  implements  found  there  are  relics  of  the  Mound 
Builders,  and  the  opinion  is  gaining  ground  that  the  Mound 
Builders  were  ancestors  of  our  present  Indians.  The  discovery 
of  two  hemlock  trees  on  which  were  counted  290  and  395  rings 
respectively,  growing  on  the  rubbish  heaps  of  these  old  work- 
ings, and  the  further  observations  made  by  Whittlesey,  show- 
ing that  the^e  were  decayed  trunks  uf  trees  of  the  same  species 
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but  of  a  still  earlier  generation  lying  in  these  troughs,  are  evi- 
dence that  the  works  must  have  been  abandoned  200  or  300 
years  before  Columbus  started  on  his  voyage  of  discovery. 
The  further  fact  that  their  existence  was  unknown  to  the 
Indians  at  the  earliest  time  of  which  we  have  any  record,  is 
another  proof  of  their  great  antiquity.* 

It  does  not  appear  that  the  natives  mined  silver  or  gold  as 
they  did  copper.  It  is  not  onlikely  that  they  were  familiar 
with  the  metals,  and  were  aware  of  their  occurrence  in  the 
drift,  mingled  with  the  copper,  or  in  the  rocks  of  Thunder 
bay.  But  since  they  do  not  occur  in  large  masses  like  copper, 
and  the  Indians  bad  no  idea  of  fusing  or  smelting  tbem  into 
ingots,  but  little  use  was  probably  made  of  them. 

EARUKST  DISCOVERIEa  BY   WHITE  PEOPLE. 

The  first  white  man  to  visit  lake  Superior  was  Jean  Nicol- 
letf,  who  was  sent  from  Quebec  by  Champlain,  with  seven 
Huron  Indians  as  his  only  companions,  on  July  1,  1634.  He 
did  not  come  so  far  west  as  the  copper  district,  however,  bat 
went  back  through  the  straits  of  Mackinaw  down  to  lake 
Michigan,  after  staying  some  time  for  rest  at  the  place  since 
called  Sault  Sainte  Marie.  It  was  not  until  1666-67.  about  the 
time  that  Marquette  established  the  Mission  at  Sault  Sainte 
Marie,  that  we  have  more  detailed  accounts  than  tbose  fur- 
nished by  Lagarde  in  1636  and  the  relation  already  mentioned. 
(1859-'60) 

In  the  relation  of  Claude  AUouez  (1666-67),  there  is  a  chap- 
ter entitled,  "Mines  of  copper  which  are  found  on  lake  Su- 
perior," from  which  is  taken  the  following  (Jackson's  Lake 
Superior,  p.  378): 

Dp  to  the  present  time  It  was  believed  that  these  mines  were  found  od 
only  one  or  two  of  the  Islands;  but  since  we  have  made  a  more  careful 
Inquiry,  we  have  learned  from  the  savages  some  secrets  which  they  were 
unwilling  to  reveal.  It  was  necessary  to  use  much  address  in  order  to 
draw  out  of  them  this  knowledfi^e,  and  to  discrlminabe  between  the  truth 
and  falsehood.  We  wilt  nob  warrant,  however,  all  we  learned  from  their 
simple  statemcDts,  since  we  shall  be  able  to  speak  with  more  certainty 
when  we  havE<  visited  the  places  themselves,  which  we  count  on  during 
this  summer,  when  we  shall  go  to  find  the  "wandering  sheep"  In  all 
quarters  of  this  great  lalce.     The  flrst  place  where  copper  occurs  ia 

>Tbere  Is  boidg  eTldeoce.  still,  tbut  the  Tndlans  nbo  vere  met  by  Okrtler  on  tbe  loo- 
er  St.  Lawrence  were  tanilll&r  with  the  processes  of  extraotlng  met-alllc  copp«r  [rom 
the  rock.  Champlain  gives  u  statement  ot  their  descrlptioD  In  "  ViiyaKe  du  Sleur  de 
Ohamplaln",    PiirU.  1*13.  ft»  quoted  bj  Blatter.  S,  H.  W. 

tH.  V.  WlDchell.  Amenean  OtKlngM,  Feb..  ISM,  p.  1% 
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abuD dance,  after  Roiag  above  the  Sault,  is  on  ao  island  about  fort^or 
fifty  leagues  therefrom,  near  the  north  sbore,  opposite  a  place  called 
MisBiplcoaatong. 

The  savages  saj  It  is  a  floating  Island,  which  is  soniijtlmes  far  off  and 
Bometlmes  near,  according  as  the  winds  move  It,  driving  It  sometimes 
one  way  and  sometimes  another.  They  add  that,  a  long  time  afro,  four 
Indians  accidentally  went  there,  being  lost  In  a  fog,  with  wbtch  tbis 
island  is  almost  always  surrounded.  It  was  long  before  they  had  any 
trade  with  the  French,  and  they  bad  no  kettles  or  hatchets.  Wishing  to 
cook  some  food, they  made  use  of  their  usual  method,  taking  stones  which 
they  piclied  up  on  the  shore,  heating  them  in  the  Are,  and  throwing 
them  Into  a  baric  tmugh  full  of  water,  in  order  to  make  It  boil,  and  by 
this  operation  cook  their  meat.  As  they  took  up  the  atones  they  found 
they  weie  nearly  all  of  them  pure  copper.  •  •  •  Before  leaving  they 
collected  a  quantity  of  these  stones,  both  large  and  small  ones,  and  even 
some  sheets  of  copper;  but  they  had  not  gone  far  from  the  shore  before  a 
loud  voice  was  heard,  saying  in  anger,  "Who  are  these  robbers  who  have 
stolen  the  cradles  and  playthings  of  my  children?"  The  sheets  of  copper 
were  the  cradles,  for  the  Indians  make  them  of  one  or  two  pieces  of 
wood  (a  flat  piece  of  bark  with  a  hoop  over  one  end),  the  cblld  l>elng 
swathed  and  bound  upon  tbe  flat  piece.  The  little  pieces  of  copper 
which  they  took  were  the  playthings,  such  pebbles  being  used  by  Indian 
children  for  a  like  purpose.  This  voice  greatly  alarmed  them,  not  know- 
ing what  it  could  be.  One  said  to  the  others  It  is  thunder,  because  tbere 
are  frequeutstorms  there;  others  said, It  is  a  certain  genie  whom  they  call 
Misslbiil  [Mesabl],  who  Is  reputed  among  these  people  to  be  the  god  of 
the  waters,  as  INeptune  was  among  tbe  pagans;  others  aald  that  it  came 
from  Hemogovisiousls— that  Is  to  saj,  sea-men.  similar  to  the  fabulous 
Tritons,  or  to  tbe  Sirens,  wbfch  always  live  in  the  water,  with  their  long 
hair  reaching  t«  their  waists.  One  of  our  savages  sild  he  had  seen  one 
in  tbe  water;  nevertheless,  he  must  have  merely  imagined  that  he  did. 
However,  tbls  voice  so  terrified  them  that  one  of  these  four  voyageurs 
died  before  they  reached  land.  Shortly  after,  a  second  one  of  them 
expired;  then  a  third;  so  that  only  one  of  them  remained,  who,  returning 
home,  told  all  that  had  takea  place  and  died  shortly  afterwards.  The 
timid  and  superstitious  savages  have  never  since  dared  to  go  there  for 
fear  of  losing  their  lives.    •    »    • 

Advancing  to  the  place  called  the  Grand  A  use  (Qrest  bay),  we  meet 
with  an  Island  three  leagues  from  land,  which  is  celebrated  for  the  metal 
which  is  found  there  aud  for  tbe  thunder  which  takes  place,  because 
they  say  It  always  thunders  there  (Thunder  cape).  But  further  towards 
the  west,  on  the  same  north  shore.  Is  the  island  most  famous  for  copper, 
called  Minong  (the  good  place).  Isle  Boyale.  This  Island  Is  tweuty-flve 
leagues  Id  length;  it  is  seven  leagues  from  the  main  land  and  sixty  from 
tbe  head  of  tbe  lalce.  !Nearly  all  around  the  Islaud,  on  the  water's  edge, 
pieces  of  copper  are  found,  mixed  with  pebbles,  but  especially  on  the  side 
which  Is  opposite  the  south,  and  priaclpally  in  a  certain  bay  which  Is 
near  the  northeast  exposure  t«  the  great  lake.  There  are  shores  "tons 
escarp^z  de  terre  glalze,"  and  there  are  seen  several  layers  or  beds  of  cop- 
per, one  over  the  other,  separated  or  divided  by  other  beds  of  earth  or 
rocks.    In  the  water  is  seen  copper  sand,  and  one  can  take  up  in  spoons 
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grains  of  the  metal  blg'as  an  acorn,  and  others  One  as  sand.  (This  des- 
cription probably  refers  to  Bock  harbor).  •  •  •  AdvaDclDgtotbe 
head  of  Ibe  lake  and  returnlogone  day's  journey  by  the  south  coast, 
there  Is  seen  in  cbe  edge  of  the  water  a  rock  of  copper  which  weighs  7C0 
or  800  pounds,  and  is  so  hard  that  steel  can  hardly  cut  ii;  but  when  it  is 
heated  it  cute  as  easily  as  lead.  Near  Point  Chagaouamlgon,  wheie  a 
mission  was  established,  rocks  of  copper  and  plates  of  the  same  metal 
were  found  on  the  shores  of  the  islandB. 

Last  spring  we  bought  of  the  savages  a  sheet  of  pure  copper,  two  feet 
square,  which  weighed  more  than  100  pounds.  We  do  not  believe,  bow- 
ever,  that  the  mines  are  found  on  these  islands,  but  that  tbe  copper  was 
probably  brought  from  Minong  (U'c  Eoyale),  or  from  other  lalaads.  by 
floating  ice,  or  over  the  bottom  of  the  lake  by  the  Impetuous  winds,  which 
are  very  Tlolent,  particularly  when  they  ome  from  the  northeast. 

Returning  stilt  towards  tbe  mouth  of  the  lake,  following  tbe  coast  on 
the  south,  at  twenty  leagues  from  the  place  last  mentioned,  we  enter  tbe 
rivet  called  ffantounagan  (Ontonagon),  on  which  Is  seen  an  eminence 
where  stones  and  copper  fall  Into  the  water,  or  upon  the  earth;  thev  are 
readily  found.       *       • 

Proceeding  still  further,  we  come  to  tbe  long  point  of  land  which  we 
have  compared  to  the  arrow  of  the  bow  (Ceweenaw  point);  at  the  eitreoi- 
Ity  of  this  there  is  said  to  be  a  small  island  which  is  said  to  be  only  sli 
feet  square,  and  all  copper!  *  *  We  are  assured  that  copper  Is  found  Id 
various  places  along  the  southern  shore  of  the  lake. 

In  the  "Relations"  for  1670-71,  Pere  d' Abloo  remarks  that 
"The  great  rock  of  copper  of  700  or  800  pouods,  and  which  all 
the  travelers  saw  near  the  head  of  the  lake,  besides  a  quantity 
of  pieces  which  are  found  near  the  shores  in  various  places, 
seem  not  to  permit  us  to  doubt  that  there  are  somewhere  the 
parent  mines,  which  have  not  been  discovered" 

Baron  la  Hontan  refers  to  mines  of  pure  copper  on  lake  Su- 
perior in  his  "Voyages  dans  I'Amt^rique  septentrionale,"  pub- 
lished in  1688. 

In  the  "Histoire  de  la  Nouvelie  France,"  by  Peter  Francois 
Xavier  Charlevoix  (Tome  IV,  p.  415)  is  another  account  of 
native  copper.  This  Jesuit  made  a  "tour  of  the  great  lakes" 
in  1721,  but  does  not  appear  to  have  visited  lake  Superior. 

Peter  Kalm,  a  Professor  of  "Oeconomie"  in  the  University 
of  Abo,  in  Swedish  Finland,  traveled  in  the  provinces  in  1748 
and  1749.  He  siso  mentions  having  seen  masses  of  copper 
which  came  from  the  "Upper  Lake,"  and  were  brought  down 
by  the  Indians.  He  speaks  of  them  as  being  found  in  tbe 
ground  near  the  mouths  of  rivers  and  supposes  that  ice  or  wa- 
ter carried  them  down  the  sides  of  mountains.  (London  Ed., 
vol.  3,  p.  278.) 

The  first  attempt  at  modern  mining  appears  to  have  been  made 
by  Alexander  Henry,  an  Englishman,  who  came  to  North  Amer- 
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ica  soon  after  the  conquest  of  Canada  by  the  British.  He  is 
said  to  have  been  attracted  by  the  accounts  given  by  Carver  in 
1765;  but  this  does  not  appear  to  be  the  case,  since  he  was 
here  about  the  same  time.  He  was  saved  at  the  massacre  of 
Fort  Mackinaw  by  an  Indian,  who  adopted  him  and  concealed 
him  in  a  cave  on  Mackinaw  island.  During  the  years  1765- 
1770  he  was  occupied  in  coasting  around  the  shores  of  lake 
Superior  looking  for  mineral  treasure.  In  his  "Travels,"  pub- 
lished in  New  York  in  1809,  he  mentions  the  mass  of  copper 
near  the  mouth  of  the  Ontonagon  river  (which  was  afterwards 
removed  to  Washington ),  and  states  that  he  cut  off  from  It  with 
his  axe  a  portion  weighing  a  hundred  pounds.  He  passed  the 
winter  of  1767  at  Michlpicoten  on  the  north  shore,  near  which 
X>oint  he  discovered  numerous  pieces  of  "virgin  copper"  and  a 
vein  of  lead  ore.  In  1770  he  associated  himself  with  Messrs. 
Baxter  and  Bostwick  in  a  "company  of  adventurers  for  work- 
ing the  mines  of  lake  Superior."  They  built  a  barge  at  Point 
aux  Pins,  and  laid  the  keel  of  a  sloop  of  forty  tons.  Early  in 
May,  1771,  they  sailed  for  the  island  of  yellow  sand,  where 
they  expected  to  find  gold,  and  make  their  fortunes;  but  they 
found  nothing  of  value.  The  miaers  examined  the  coast  of 
Nanibojou,  and  found  several  veins  of  copper  and  lead,  after 
which  they  returned  to  Point  auz  Pins,  and  erected  an  air 
furnace.  "The  assayer  reported  on  the  ores  which  they  had 
collected,  stating  that  the  lead  ore  contained  silver  in  the  pro< 
portion  of  forty  ounces  to  the  ton;  but  the  copper  ore  only  a 
very  small  proportion  indeed." 

From  Point  aux  Pins  tbey  crossed  over  to  Point  aux  Iroquois, 
where  Mr.  Norberg,  a  Russian  gentleman,  acquainted  with 
metals,  and  holding  a  commission  in  the  60th  regiment,  and 
then  in  garrison  at  Micbilimacklnac,  accompaaied  them  on  this 
latter  expedition,  Mr.  Norberg  found  a  loose  stone  weighing 
eight  pounds,  of  a  blue  color  and  semi-transparent.  This  he 
carried  to  England,  where  it  produced  in  the  proportion  of  60 
pounds  of  silver  to  a  hundred  weight  of  ore.  It  was  deposited 
in  the  British  Museum.  Henry  now  revisited  the  Ontonagon 
river,  where,  besides  the  detached  masses  of  copper  formerly 
mentioned,  he  saw  "much  of  the  same  metal  bedded  in  the 
stone."  They  built  a  house  and  sent  to  the  Sanit  for  provis- 
ions. He  pitched  upon  a  spot  at  the  commencement  of  mining 
operations,  and  remarks  that  there  was  a  "green-colored  water 
which  tinged  iron  of  a  copper  color."  In  digging  they  fre- 
quently found  masses  of  copper,  some  of  which  were  three 
pounds  in  weight.  Dg,ize..yC.OOglc 
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On  the  20th  of  June,  1772,  the  miners  returaed,  after  having 
passed  the  winter  at  the  Ontonagon.  Their  drift  had  caved  in 
during  a  thaw,  just  as  they  supposed  they  were  aboat  to 
come  upon  a  solid  vein  of  copper,  but  in  reality  jost  on  the 
solid  red  sandstone.  Henry  claims  that  it  was  not  for  copper, 
but  for  silver,  that  their  company  was  formed,  and  that  thef 
expected  to  find  it  mixed  with  either  the  copper  or  the  lead. 
In  the  summer  of  177i!  Henry  and  his  crew  worked  in  solid 
rock  on  the  north  shore,  drifting  into  a  vein  which  carried  some 
copper,  but  which  contracted  from  a  width  of  four  feet  to  as 
many  laches  in  the  distance  of  thirty  feet.  What  ore  they  had 
was  sent  to  England,  but  the  English  partners  had  had  enough, 
and  refused  to  contribute  further  to  the  expenses  of  the  en- 
terprise. Mr.  Henry  thus  describes  the  termination  of  affairs: 
"This  year,  therefore  (1774),  Mr.  Baxter  disposed  of  the  sloop 
and  other  effects  of  the  company,  and  paid  its  debts.  The 
partners  in  England  were,  his  royal  highness,  the  Duke  of 
Gloucester,  Mr.  Secretary  Townshend,  Sir  Samuel  Tuchet,  Mr. 
Baxter.  Consul  of  the  Empress  of  Russia,  and  Mr.  Cmick- 
shank.  In  America,  Sir  William  Johnson,  Mr.  Bostwick,  Mr. 
Baxter,  and  myself.  A  charter  had  been  petitioned  for  and  ob- 
tained, but  owing  to  our  ill  success  it  was  never  taken  from  the 
seal  ofKce." 

COPPER  MINES. 

There  does  not  appear  to  have  been  any  mining  in  progress 
for  nearly  70  years  after  the  efforts  made  by  Alexander  Henry. 
Indeed,  the  occurrence  of  copper  seems  to  have  been  almost 
forgotten,  and  was  only  casually  mentioned.  There  were  no 
explorations  made  of  any  sort,  looking  toward  the  development 
of  mines,  until  Douglass  Houghton  was  appointed  state  geolo- 
gist of  Michigan  in  March,  1838.  Even  then,  and  although 
he  must  have  been  familiar  with  the  facts  concerning  the  dis 
tribution  of  drift  copper,  from  his  former  explorations  made  in 
1831  and  1832,  yet  nothing  appears  to  have  been  done  toward 
investigating  the  copper  range  until  1840.  In  his  fourth  annual 
report,  submitted  February  1,  1841,  we  find  a  discussion  of  tiie 
general  prospects  for  profitable  mining,  including  a  description 
of  the  veins,  and  a  comparison  of  them  with  those  of  Corn- 
wall in  which  the  statement  is  made  (p.  58)  that  "After  as 
miuute  an  examination  of  the  subject  eis  circumstances  will  per- 
mit, I  am  led  to  the  conclusion  that  the  only  ores  of  the 
metallic  minerals,  occurring  in  those  portions  of  the  veias,  which 
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traverse  the  rocks  last  alluded  to,  which  can  be  re^onably 
hoped  to  be  turned  to  practical  accbuct,  are  those  of  copper." 
He  acknowledges  that  he  was  incliiie>d  to  regard  the  occurrence 
of  native  copper  as  an  unfavorable  iodication  for  permanence 
in  mining  nntil  he  had  discovered  that  "that  feature  was  more 
or  less  universal  with  respect  to  all  the  veins,"  He  expresses 
himself  in  conclusion  in  the  following  conservative  manner: 

While  I  am  fully  eatlsfled  that  the  mineral  district  of  our  fitata  will 
prove  a  source  of  eventual  aad  steadily  increasing  wealth  to  our  people, 
I  cannot  fall  to  have  before  me  the  fear  that  It  may  prove  the  rulo  of 
hundreds  of  adventurers,  who  will  visit  It  with  expectations  never  to  be 
realized.  The  true  resources  have  as  yet  been  but  little  examined  or 
developed,  and  even  under  the  most  favorable  circumstances  we  cannot 
expect  to  see  this  done,  but  by  the  most  Judicious  and  economical  expen- 
diture of  capital,  at  those  points  where  tbe  prospects  of  success  are  the 
most  favorable.  •  •  *  i  would  by  no  means  desire  to  throw  obstacles 
!n  the  way  of  those  who  mtsht  wish  to  engage  in  the  business  of  mining 
tbis  ore,  at  such  time  as  our  government  may  see  fit  to  permit  It,  but  I 
would  simply. caution  those  persons  who  would  engage  In  this  business  In  > 
the  hope  of  accumulating  wealth  suddenly  and  without  patient  Industry 
and  capital,  to  look  closely  before  the  step  Is  lafaeo,  which  will  most  cer- 
tainly end  In  disappointment  and  ruin. 

In  a  letter  written  by  Dr.  Houghton  to  Hon.  Augustus  Porter, 
member  of  congress  from  Detroit,  replying  to  an  inquiry  in 
the  "National  Intelligencer,"  and  dated  Deceml>er  26,  1840,  we 
find  substantial  proof  that  he  was  not  only  acquainted  with  the 
location  of  some  of  the  copper  veins,  but  that  he  had  actually 
gone  into  them  and  obtained  native  copper.  His  own  state- 
ments are  as  follows  (Bradish's  "Memoir  of  Douglass  Hough- 
ton," pp.  114-116): 

Ores  of  zinc,  lead,  Iron  and  maganese  ixicur  In  the  vicinity  of  the  south 
shore  of  Lake  Superior,  but  I  doubt  whether  these,  unless  It  be  zinc  and 
iron,  arein  sufflclent  abundance  to  prove  of  much  Importance.  Ores  of 
copper  are  much  more  abundant  than  either  of  those  before  mentioned, 
and  a  sufBclent  examination  of  tbem  has  been  made  to  satisfy  me  that 
they  may  be  made  to  yield  an  abundant  supply  ot  the  metals.  I  do  not 
mean  by  this  that  tbe  copper  Is  to  be  found  In  that  region,  as  Is  the  pop- 
ular opinion,  pure  and  without  labor,  but  that  capital  may  be  safely 
Invested  in  raising  and  smelting  of  these  ores  with  profit  to  the  capltal'- 
iet.  •  *  ■  The  veins  of  ore  traversing  tbe  mineral  district  of  Lake 
Superior,  In  those  portions  1  have  examined  closely,  are  of  very  frequent 
occurrence,  and  range  from  a  few  Inches  to  fourteen  feet  in  width.  I  do 
not  now  recollect  [I  write  without  a  reference  to  field  notes)  that  I  traced 
any  of  those  veins  over  a  mile  In  length,  and  most  ot  them  less.  •  •  • 
I  brought  from  Lake  Superior,  on  my  return  to  Detroit  this  fall,  from 
four  to  five  tons  of  copper  ores  and  am  now  busily  engaged  In  making  an 
analysis  of  them.  Thus  far  they  have  proved  equal  to  any  ores  I  have 
ever  seen,  and  their  value  for  purposes  of  reduction  cannot  be  doubted. 
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The  STerage  per  cent,  of  metal  is  considerablr  above  that  of  the  ores  of 
Cornwall.  While  speaking  of  4he  ores  I  am  reminded  of  the  beautiful 
speclmeDS  of  native  copper  which  came  out  with  the  ores  In  upenlag 
some  of  these  veins.  They  are  not  very  abuadaat,  but  some  of  them  are 
very  fine.  In  openlnir  a  vein,  with  a  single  blast  1  threw  out  uearly  two 
tODS  of  ore,  and  with  this  were  many  masses  of  native  copper,  from  the 
most  mioute  specks  to  about  forty  pounds  in  weight,  which  was  the 
largest  mass  I  obtained  from  that  vein.  Ores  of  stiver  occasionally  occur 
with  the  copper,  and  la  opening  one  vein  small  specks  of  native  silver 
were  observed.  There  are  as  yet.  however,  no  evidences  of  the  eiisteoce 
of  this  metal  In  sutSclent  abundance  to  be  of  practical  value.  •  ■  "  1 
hope  to  see  the  day  when  instead  of  imjurting  the  whole  of  the  ImmeoBe 
amount  of  copper  and  brass  used  in  our  country  we  may  become  eiporters 
of  both. 

Dr.  Houghton  did  not  mention  in  his  annual  reports  the  loca- 
tion of  any  of  the  veins  which  he  discovered,  with  one  excep- 
tion, viz.,  that  of  the  green  silicate  of  copper  at  Copper  Har- 
bor. The  land  had  not  at  that  time  been  thrown  open  for  set 
tlement  or  even  for  exploration,  and  he  was  undoubtedly 
reserving  the  details  for  publication  in  his  final  report,  which 
he  did  not  live  to  complete,  owing  to  his  untimely  death  by 
drowning  in  lake  Superior,  during  a  snow  storm  and  gale 
near  Eagle  river,  on  October  13,  1846. 

His  ofRcial  report,  however,  called  attention  to  the  possibili- 
ties of  the  region;  and  the  cession  of  the  land  to  the  United 
States  by  the  Chippewas,  which  was  ratified  March  12,  1843, 
was  the  signal  for  the  commencement  of  a  speculative  craze 
which  lasted  for  three  years,  and  completely  justified  the  fears 
expressed  by  Dr.  Houghton  in  anticipation. 

Credit  for  first  calling  attention  to  the  copper  range  in  ageii' 
eral  way  and  for  recommending  its  development  must  thus  be 
given  to  Douglass  Houghton.  To  Charles  T.  Jackson,  however, 
undoubtedly  belongs  further  credit  for  personally  examining 
at  a  very  early  date  and  approving  or  condemnig  many  of  the 
veins  which  were  afterwards  worked.  We  all  know  that  the 
first  mines  were  not  in  the  conglomerate  as  at  present,  but  in 
true  fissure  veins  which  crossed  the  conglomerate  and  inter- 
leaved amygdaloidal  trap  sheets  in  several  systems.  In  these 
veins  the  copper  (with  a  little  silver)  usually  occurs  native  in 
masses  of  all  sizes  up  to  a  thousand  tons.  The  copper  itself  is 
90  to  95  per  cent,  pure,  and  is  believed  to  owe  its  origin  to  elec- 
tro chemical  action  which  replaced  portions  of  both  the  amyg- 
daloid and  conglomerate.  In  his  report  for  1849  Jackson  dis- 
tinctly states  his  claims  for  priority  of  discovery  of  the  valne 
of  these  veins.    His  first  explorations  were  made  in  tiie  s 
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of  1844,  while  in  the  employ  of  Hon.  David  Henshaw,  who  ac- 
companied him  to  Keweenaw  point  "for  the  purpose  of  exam- 
ining the  country  for  copper,"  The  linear  survey  had  not  at 
that  time  reached  any  portion  of  the  so-called  mineral  lands, 
and  Keweenaw  point  presented  an  unbroken  wilderness.  There 
was,  however,  already  a  crew  of  miners  at  work  for  the  Lake 
Superior  Mining  company  (which  thus  seems  to  have  been  the 
first  incorporated  organization  in  the  field)  and  an  encampment 
of  United  States  soldiers. 

These  facts  are  mentioned  by  Jackson  (loc.  cit.,  p.  B86),  who 
further  states  that,  although  up  to  that  time  no  such  phenom- 
ena as  veins  of  native  copper  had  been  known  to  exist  and  it 
would  even  have  been  "hazardous  to  the  reputation  of  any  geol- 
ogist, who  was  not  prepared  to  demonstrate  the  fact,  to  de- 
clare his  belief  in  the  practicability  of  mining  for  native  copper;" 
yet  in  his  first  surveys  on  lake  Superior  (1844)  he  took  "care 
to  collect  ample  proofs  of  the  existence  not  only  of  true  veins 
of  native  copper,  but  also  to  prove  the  extent  of  the  veins  (as 
far  as  possible  by  surface  observations)  and  that  they  became 
richer  as  they  descended  into  the  rocks." 

He  then  proceeds  to  give  the  history  of  the  first  operations 
as  follows  (pp.  386-387): 

The  only  bouses  which  had  been  erected  were  the  office  of  goveroment 
mineral  agency  of 'General  Walter  Cuantogtaam,  at  Porter'a  Island,  Cop- 
per Harbor,  and  a  lude  log  hut.  built  by  Charles  Oratfot,  Esq.,  at  Ei^le 
Harbor,  for  the  accommodation  of  his  party  of  explorers.  Not  a  road  or 
trail  existed  anywhere  on  the  polat,  and  the  tangled  growth  of  spruce 
and  white  cedar  obstructed  the  banks  of  the  streams  and  the  coast,  giv- 
ing a  most  unpromising  appearance  to  the  country,  and  offeriog  great  dif- 
ficulties In  the  exploration  of  those  regions  which  were  considered  most 
likely  to  eipnse  the  metalliferous  veins.  Numerous  pite  had  been  sunk 
at  random,  In  the  soil  and  rocks  at  Eagle  Harbor,  by  the  miners  under  the 
direction  of  Mr.  Gratiot;  but  nothing  considered  worthy  the  attention  of 
capitalists  bad  been  discovered,  and  the  miners  were  about  to  leave  the 
country.  Mr.  De  Garmo  Jones,  of  Detroit,  had  sent  up  Mr.  C.  C  Doug- 
lass to  aid  Mr.  Gratiot  in  exploring  the  country,  aod  be  was  associated 
wlbb  me  In  my  labors,  proving  a  very  efDclent  assistant.  Mr  Frederick 
W.  Davis  and  Mr.  Joseph  S.  Kendall  accompanied  me,  and  assisted  In  ex- 
ploring the  country  for  minerals. 

It  is  well  known  that  the  results  of  my  examination  of  the  mineral 
lands  on  Keveenaw  Point  were  the  establishment  of  the  fact  that  natioe 
copper  and  native  silver  existed  there  in  regular  mint,  which  could  be  advan- 
tageoualy  wrought  by  mining  operations;  and  that  In  consequence,  the  capi- 
talists of  the  eastern  States  began  the  enterprises  which  have  resulted  In 
the  demonstration  of  the  practicability  of  mining  profitably  for  copper 
and  silver  on  Keweenaw  Point.  I  selected  the  best  veins  for  the  estab- 
lishment of  permanent  works,  collected  and  analyzed  the  ores,  discovered 
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tbe  nature  of  all  the  mlaerals  accompaDylng  the  copper  and  sll?er  reias, 
anil  published  a  brief  report  of  my  researches. 

In  )845  I  was  again  sent  to  lake  Superior,  and  then  explored  other  veins, 
and  Jointed  out  the  superiority  of  tbe  metallic  lod^s  over  those  of  the  ons 
of  copper— a  result  quite  contrary  to  the  general  opinion  of  nilnets  and 
geolMfists,  but  which  has  been  most  fully  sustained  by  subsequent  eiper- 
iendS  As  was  anticipated  by  me,  the  green  slllcaie  and  black  oiide  of 
copper  at  Copper  Harbor  soon  ifave  out  and  was  abandoned.  The.  Boe- 
ton  and  Pittsburg  Mining  Ck>mpaDy  transferred  their  miners  from  that 
place  to  the  metallic  copper  lode,  which  I  had  surveyed  In  company  wltb 
Mr.  Whitney,  at  the  clIfF,  on  the  southwestern  branch  of  Eagle  river. 
This  mine  is  well  known  as  one  of  the  wonders  of  the  world,  affordiDg 
the  largest  masses  of  copper  which  have  ever  been  seen,  and  yielding  a 
considerable  amount  of  native  silver.  I  again  surveyed  those  veins  I  bad 
explored  in  1844,  and  advised  the  openin?  of  a  mine  at  a  place  which  I 
named  Copper  Falls.  Operations  were  forthwith  commenced  at  tills 
place,  and  a  new  company  was  formed  by  the  division  of  tbcLalce  Supe- 
rior Mining  Company.  This  mine  Is  still  in  operation  and  has  given 
promising  reaults.  Thf<  Lake  Superior  Mining  Company  sold  out  tbeir 
rights  to  the  veins  at  Eagle  Barbor,  opened  mlneu  on  the  borders  of  Ea- 
gle river  in  1844  and  continued  their  operations  for  some  years  at  that 
place. 

The  foregoing  rather  copious  quotations  h3,ve  been  made  for 
the  purpose  of  showing  the  grounds  for  the  claim  that  more 
credit  belongs  to  Jackspn  than  has  usually  been  accorded  to 
him  in  the  literature  of  the  copper  regions.  Further  accounts 
of  his  explorations  may  be  found  in  the  report  mentioned. 

There  were  several  other  explorers  in  the  district,  at  this 
early  date,  whose  names  are  on  record.  The  vein  afterwards 
known  as  the  Copper  Palls  mine  was  discovered  by  Josepli 
Hempstead  and  C-  0.  Douglass  in  1844  and  immediately  visited 
by  Jackson.  It  was  on  lands  held  under  lease  by  the  Lake 
Superior  Copper  company. 

"Whitney  speaks  as  follows  of  the  discovery  of  the  Cliff  mine, 
belonging  to  the  Pittsburg  and  Boston  Mining  company.  (Met- 
al Wealth,  p.  275). 

The  discovery  and  opening  of  this  mine  formed  an  era  in  the  history  of 
lake  Superior  and  are  also  of  high  Interest  to  the  country,  as  It  was  the 
first  mine  in  the  United  States,  those  of  coal  and  Iron  excepted,  gystem- 
alically  and  extensively  wrought,  and  at  the  same  time  with  profit.  Be- 
sides this,  it  has  a  peculiar  Importance  as  being  opened  on  a  vein  beariog 
copper  exclusively  In  the  native  state,  a  feature  entirely  unknown  In  tbe 
history  of  mining  previous  to  the  discoveries  on  lake  Superior.   •   *  • 

During  tbe  summer  of  1S43  a  Ur.  Baymond  made  certain  locations  Id 
tbe  lake  Superior  region,  for  which  he  obtained  leases,  three  Of  which  he 
disposed  of  to  parties  In  Pittsburg  and  Boston,  who  commenced  miaiog 
In  the  summer  of  1844.  The  first  location  was  made  at  Copper  Harbor, 
where  the  outcrop  of  a  cupriferous  vein  on  what  is  now  called  Hays's 


>yCOOglC 


STATE  OBOLOOIST.  129 

PolDt,  was  a  conspicuons  object,  known  to  the  "wyageurt"  ae  "the  green 
rock,"  and  bad  given  a  name  to  that  beautiful  harbor  long  before  It  be- 
came the  center  of  the  copper  excitement.  A  little  work  was  done  here 
tn  the  autumn  of  1844,  but  on  clearing  awaj  the  ground  on  the  opposite 
side  of  the  harbor,  where  Fort  Wilklns  now  stands,  numerous  boulders  of 
black  oxide  of  copper  were  found,  evidently  beloniclng  to  aveinnearat 
band,  which  was  discovered  in  December,  and  proved  to  be  a  continuation 
of  the  one  before  worked  on  Hays's  Point. 

Mining  was  commenced  here  Immediately;  two  shafts  were  sunk,  about 
a  hundred  feet  apart,  and  considerable  black  oside  of  copper  taken  out, 
mixed  with  the  silicate.  This  was  very  remarkable,  as  It  Is  thus  far  the 
only  known  instance  of  a  veto  containing  this  as  the  principal  ore,  or  In 
any  other  form  than  as  an  Impure  mass,  mixed  with  the  aulphuret  of  cop^ 
per  and  oxides  of  Iron  and  manganese,  and  resulting  from  the  decompo- 
sition of  the  common  ore,  copper  pyrites.  This  proved,  however,  unfor- 
tuoalely  to  be  only  a  rich  bunch  In  the  vein  of  limited  extent,  and  which 
gaveout  atthedepthof  a  few  feet,  although  the  fissure  continued.  The 
workings  were  en lirety  confined  to  the  conglomerate,  which  at  that  time 
wassupposed  to  be  as  favorable  to  the  development  of  the  vein  as  any 
otherrock.  The gangue  associated  with  the  black  oxide  was  principally 
calc  spar,  and  some  argillaceous  and  quartzose  matter  Intermixed.  Fine 
crystals  nf  analcime  were  found  connected  with  it.  Crystallized  red  oilde 
and  native  copper  were  also  obtained  In  fine  specimens.  About  thirty  or 
forty  tons  of  black  oxide  were  obtained  In  all,  and  sold  for  $4,600.  The 
main  shaft  was  continued  down  1 20  feet,  and  levels  driven  each  way  for 
some  distance  without  striking  another  bunch  of  ore,  so  that  In  1845  the 
attention  of  the  company  began  to  be  turned  lo  ezplorlnn  their  extensive 
property,  and,  tn  Augnst  of  that  year,  the  Cliff  Vein  was  discovered  by  a 
party  of  explorers  under  the  direction  of  a  Mr,  Cheny. 

The  vein  was  first  otMerved  on  the  summit  and  face  of  a  bluff  of  ciys- 
talllne  trap,  rising  with  a  mural  front  to  a  helgbt  of  nearly  200  feet  above 
the  valley  of  the  Eagle  river  at  Its  base.  The  break  or  depression  made 
by  It  In  the  back  of  the  ridge  was  quite  distinct,  and  bati  since  been  traced 
to  the  lake  and  found  marked  by  ancient  excavations.  Atthe  summit  of 
the  bluff,  as  I  saw  It  a  few  days  after  Ite  discovery,  It  appeared  to  be  a  few 
inches  wide, and  contained  native  copper  and  specks  of  silver  beautifully  in- 
crusted  with  capillary  red  oxlde,with  a  gangue  of  prehnite.  Half  way  down 
the  cliff.  It  bad  expanded  out  to  a  width  of  over  two  feet,  and  consisted 
of  Dumen)U8  branches  of  laumonlte,  with  a  small  percentage  of  metallic 
copper  finely  disseminated  through  it.  Of  course,  at  this  time,  nothing 
whatever  was  known  of  the  varying  character  of  the  lode  indifferent  beds 
of  rock,  nor  had  the  trap  been  supposed  by  the  miners  to  be  the  principal 
metalliferous  rock.  It  Is  now  known  that  the  vein  could  not  be  worked 
with  profit  In  the  rock  ]n  which  It  was  discovered,  namely,  the  crystalline 
trap  or  greenstone,  as  no  vein  has  yet  proved  sufficiently  metalliferous 
in  that  belt  of  rock  to  be  profitably  mined. 

Without  knowing  anything  ot  the  entire  change  in  the  character  of  the 
rock  which  takes  place  at  the  base  of  the  cliff,  where  there  was  a  heavy 
accumulation  of  fragments  of  rock  dislodged  from  above,  and  suspecting 
as  little  as  any  one  else  the  unprecedented  discoveries  about  to  be  made 
in  the  metalliferous  bed  beneath,  I  advised  the  clearing  away  and  open- 
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Ing  of  the  vein  at  as  low  a  point  as  possible,  because  It  appeared  to  widea 
out  and  improve  in  depth.  A  shaft  was  sunk  a  few  feet,  a  little  below 
the  edge  of  the  bluff,  and  a  level  driven  Into  the  greenstone  a  short  dis- 
tance, but  nothlDgr  was  done  of  Importance  uutll  the  talus  at  the  base  of 
the  cliff  was  cleared  away  and  tbe  veiit  traced  into  the  amygdaloid.  A 
level  was  then  driven  in  upon  it,  and,  at  a  depth  of  70  feet,  the  first  mass 
of  copper  was  struclc,  a  discover}'  of  the  greatest  interest,  since  it  revealed 
the  presence  of  a  metalliferous  belt  whose  existence  had  not  before  been 
suspected,  and  showed  the  extension  of  the  lodes  of  lalie  Superior  into 
belu  of  rock:  of  dlfferentllthologlcal  character  and  the  variations  In  rich- 
ness attendant  on  such  transitloua. 

It  may  be  meutioDed  in  paesing  that  this  mine  paid  dividends 
of  about  a  quarter  of  a  million  of  dollars  between  1649  and 
1856. 

The  following  account  is  given  by  Whitaiey  of  the  Phoanix 
Mining  company; 

This  company,  as  orlglnallf  constituted  February  22,  I8U,  was  posses- 
sed of  seven  three-mile-square  leases  on  Keweenaw  Point.  It  wastbe 
first  organized  company  of  the  Lake  Superior  region,  and  was  called  tbe 
"Lake  Superfor  Copper  Company."  Its  stock  was  divided  into  1200share8 
of  Wblch  the  proprietors  of  the  leases  received  400  unassessable  for  their 
Interest.  The  flrst  superlutendeut  was  0.  H.  Oratiot,  who  had  prevlaaslf 
engaged  in  digging  lead  In  Wisconsin.  The  seven  locations,  embracing 
over  40  square  miles,  were  nearly  all  situated  In  the  very  richest  portion 
of  the  mineral  region. 

During  the  summer  of  1844,  Dr.  C.  T.  Jackson  examined  several  veins 
which  had  been  discovered  on  the  property  by  C.  C.  Douglass  and  othere. 
and  under  his  direction  work  was  commenced  October  22,  1844,  on  Eagle 
river,  near  the  place  now  known  as  the  "Old  Phoenix  Mine",  and  carried 
on  through  tbe  year  1S45,  and  a  stamping  mill  and  crush  log- wheels,  of  > 
kind  suitable  for  grinding  drugs,  were  erected,  but  soon  proved  to  be  en- 
tirely unserviceable.  Up  to  March  31,  184B,  when  the  Pboanlz  Oompaoy 
was  organized  and  took  possession  of  the  Lake  Superior  Company's  prop- 
erty, the  latter  company  had  expended  8105,833.40,  of  which  aboat  half 
was  probably  for  actual  mining  work,  but  they  had  done  little  or  nothing 
towards  developing  the  value  of  the  property.  The  principal  shaft  was 
sunk  on  a  "pocket"  of  copper  and  silver,  without  any  signs  of  a  regular 
vein,  which  soon  gav^  out  entirely. 

The  news  of  these  discoveries  attracted  people  from  all  parts 
of  the  land.  The  excitement  increased  rapidly,  and  soon  the 
craze  was  in  full  blast.  It  is  thus  described  by  Whitney  in  his 
Metallic  Wealth  of  the  United  States  (p.  219): 

In  I84Smany  hundred  "permits"  or  rights  to  select  and  locate  on  tracts 
of  land  for  mining  purposes,  were  Issued  by  the  government,  and  3T7 
leases  were  granted.  Most  of  tbe  tracts  covered  by  theae  were  taken  at 
random,  and  without  any  explorations  whatever;  indeed  a  large  portion 
of  them  were  on  rocks  which  do  not  contain  any  metalliferous  veins  at 
all,  or  In  which  the  veins,  when  they  do  occur,  are  not  found  to  be  pru- 
dnctlve. 
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Id  1846  tbe  ezcitemenb  reached  its  climax;  the  speculaliona  in  stocks 
werecoQtinued  asloofcae  tt  was  possible  to  Bod  a  purchaser,  and  a  serious 
lD]ury  was  iDfllcled  oa  tbe  miolD?  iateresls  of  the  couatry  b;  the  unprin- 
cipled attempts  to  palm  oO  worthless  property  as  containing  valuable 
veins.  But  In  1847  the  bubble  bad  burst,  aod  the  country  was  almost  de- 
serted. Only  half  a  dozen  compaoles,  out  of  all  that  had  been  formed, 
were  actually  engatred  In  mining. 

The  issue  of  permits  and  leases  having  been  suspended  Id  1846  as  ille- 
gal. Congress  passed.  Id  1817,  an  Act  authorizing  the  sale  of  tbe  mtoeral 
lauds  and  a  geological  survey  of  the  district.  In  the  meantime,  while 
this  survey  was  going  oo,  the  companies  wbich  had  contluued  their  oper- 
ation made  considerable  progress,  new  ones  were  formed,  and  lauds  were 
purchased  by  them  after  bona  fide  explorations  and  discoveries  of  velos; 
the  position  and  character  of  the  really  metalliferous  rocks  begaa  to  be 
kDOwn,  and  confidence  was  gradually  restored.  At  the  time  of  tbe  com- 
pletion of  the  geological  survey.  In  1850,  and  the  publication  in  tbe  fol- 
lowlDg  year,  of  maps  of  tbe  whole  region,  on  which  tbe  range  and  extent 
of  the  geolcvlcal  formations  were  laid  down,  copper  mining  in  the  Lake 
Superior  district  had  become  established  ou  a  Arm  basis  aud  was  rapidly 
developing. 

The  discovery  of  the  metalliferous  character  of  the  coi^lomerate  was 
made  by  E.  J.  Hulbert,  John  Hulbert  and  Amos  H.  Scott  about  the  first 
of  September,  1664.  The  pit  was  located  by  Hr.  B.  J.  Hulbert,  who  claims 
to  have  been  fully  convinced  that  the  exploration  would  result  as  it  did. 
This  was  a  most  Imporiaut  discovery  and  one  which  altered  the  entire 
character  of  mining  on  Keweenaw  point.  It  was  the  beKlnnlngof  tbe 
present  regime  as  contrasted  with  that  In  which  tbe  veins  were  wrought 
for  mass  copper. 

IRON  ORB. 

Iron  ore  was  discovered  in  Nova  Scotia  in  1604,  even  before 
the  earliest  reports  of  copper  from  the  Lake  Superior  country. 
The  discovery  was  reported  by  the  Sieur  de  Monts,  Lieutenant 
Gi«neral  of  Acadia,  appointed  by  Henry  IV  of  France.  In  the 
province  of  Quebec  iron  ore  was  found  in  1667;  and  in  Ontario 
about  1800.  The  first  iron  furnace  in  Canada  was  established 
at  Three  Rivers,  near  Quebec,  about  1630,  and  is  the  one  men- 
tioned by  Kalm,  in  the  work  already  quoted. 

The  reports  of  Dr.  Houghton  and  his  assistants  C.  C.  Doug- 
lass and  Bela  Hubbard,  for  the  years  1839  and  1840,  and  the 
reports  of  David  Dale  Owen  for  the  same  years,  contain  refer- 
ences to  iron  ores  of  recent  geological  age  in  the  southern  part 
of  Michigan  and  Wisconsin.  Houghton  must  even  have  had 
some  knowledge  of  iron  ores  in  the  metamorphic  rocks  of  the 
Upper  Peniusula.  for  in  his  report  for  1841  he  says :  '  "Although 
hematite  ore  is  abundantly  disseminated  through  all  the  rocks 
of  the  metamorphic  group,  it  does  not  appear  in  sufficient  quan- 
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tity  at  any  one  point  that  has  been  examined  to  be  of  practical 
importance."  On  this  quotation  Brooks  remarks  (Geol.  Snr. 
Mich.,  1869-73,  Vol.  1,  p.  11): 

At  this  date  Dr.  HougbtoD  bad  traversed  the  soutb  shore  of  lake  Supe- 
rior five  times,  in  a  small  boat  or  caaoe,  nn  geological  inveEllgationa.  It 
is  tbereCore  probable  that  up  to  1841  no  Indian  traditions  worthy  of  cre- 
deDce  in  regard  to  large  deposits  of  iron  ore,  had  come  to  his  knowledge. 
As  there  are,  so  far  iis  known,  no  considerable  outcrops  or  Iron  ore,  which 
come  nearer  than  seven  miles  to  the  shore  of  the  lake.  It  Is  plaia  that  ia- 
veatlgations,  based  on  obeervatlons  taken  along  the  shore  only,  conid 
have  determined  no  more  than  Its  probable  existence,  which  Is  plalnlf 
Indicated  in  the  extracts  given.  Dr.  Houghton  was  not  aware  of  the  ex- 
istence of  iron  ore  in  quantity  until  the  return  of  Hr.  Burt's  part;  of  sur- 
veyors to  Detroit  In  the  fall  of  1841,  his  examinations  in  the  Interior  of 
the  country  having  been  confined  to  the  copper  region.  Attentioo  at 
that  early  period  was  entirely  directed  to  searching  for  ores  of  more  value 
than  iron,  and  It  Is  worthy  of  remark,  that  the  Jackson  and  Cleveland 
Iron  Companies,  which  were  the  first  two  organized,  were  formed  Ut  miae 
copper,  silver  and  gold, 

MARQUETTE    RANGE. 

The  actual  discovery  of  iron  ore  was  made  by  Wm.  A.  Burt, 
United  States  deputy  surveyor  under  the  direction  of  Dr. 
Houghton,  who  bad  taken  the  contract  to  finish  the  linear  sar- 
vey  and  unite  with  it  geological  observations  of  the  country 
traversed.  In  1845  Mr.  Burt's  party,  consisting  of  Wm.  Ives, 
compass-man;  Jacob  Houghton,  barometer  man;  H.  Mellen,  R 
S.  Mellen,  James  King  and  two  Indians,  John  Taylor  and 
Michael  Doner,  was  engaged  in  establishing  township  lines  and 
making  geological  observations  in  the  manner  described. 

On  the  19th  of  September,  while  running  the  east  line  of 
township  47  N.,  range  27  W.,  usipg  the  solar  compass  invented 
by  Mr.  Burt,  remarkable  variations  in  the  direction  of  the 
"  needle  were  noticed.  In  this  connection  Mr.  Jacob  Houghton, 
one  of  the  party,  says: 

At  length  the  compass-man  called  for  'all  to  come  and  see  a  variation 
that  will  beat  them  all.'  As  we  looked  at  the  instmrnent,  to  our  aston- 
Ishment  the  north  end  of  the  needle  was  traversiag  a  few  degrees  to  the 
south  of  west.  Mr.  Burt  called  out,  'Boys,  look  around  and  see  what  yon 
can  find!'  We  all  left  the  line,  some  going  to  the  east  and  some  to  the 
west,  and  all  of  lis  returning  with  specimens  of  Iron  ore,  mostly  gatb- 
ered  from  outcrops.  This  was  along  the  first  mile  from  Teal  lake.  We 
carried  out  all  the  specimens  we  could  conrenieatly. 

A  year  later  Mr.  Burt  made  the  following  statement  (Jack- 
son's Report,  1849,  Part  III,  p.  852): 

The  fourteen  beds  of.lron  ore  above  described  are  the  most  important 
oresof  iron,  for  quantity  and  quality,  discovered  within  the  boundaries 
of  this  survey.    *    *   ■    It  may  be  reasonably  inferred  that  nut  mora 
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tb&a  one-seTenth  of  the  oumber  of  iroa  ore  beds  were  seen  durio?  the  sui^ 
\6f  of  the  township  lines;  and  If  this  district  of  townships  be  subdivided 
with  care  in  reference  to  mines  and  minerals,  six  times  as  manj  more  will 
probably  Im  found.  If  this  view  of  the  Iron  region  of  the  Northern  Penin- 
sular of  Michigan  tie  correct,  it  far  excels  any  other  portion  of  the  United 
States  in  the  abnndaoce  and  good  qualities  of  Its  Iron  ores. 

Mr.  Bela  Hubbard  made  a  report  "upon  the  geology  and 
topography  of  the  district  south  of  lake  Superior,  subdivided 
in  1845  under  the  direction  of  Douglass  Houghton,  deputy  sur- 
veyor" (Jackson's  Report,  supra  cit.,  p.  833).  He  makes  the 
following  statements: 

The  largest  extent  of  ore  noticed  Is  In  township  47,  range  28,  near  the 
the  corner  of  sections  29,  30,  31  and  32.  There  are  here  two  large  beds  or 
hills  of  ore,  made  up  almost  eotirel;  of  granulated,  magnetic  or  specular 
iron,  with  small  quantities  of  spathose  and  micaceous  iron.  The  more 
northerly  of  these  hills  extends  Id  a  direction  nearl;  east  and  west  for  at 
least  one-fourtb  olamile,  and  hasa  breadth  of  ilttle less  than  1,000 feet; 
the  whole  of  which  forms  a  single  mass  of  ore,  with  occasional  thin  strata 
of  imperfect cAert  and  Jasper,  and  dips  S.  Vf  &.  about  30".  At  Its  south- 
erly outcrop,  the  ore  is  exposed  In  a  low  cliff,  above  which  the  hill  rises 
to  the  helghlof  twenty  or  thirty  feet  above  the  country  on  the  south. 
•  •  *  This  bed  of  Iron  will  compare  favorably,  both  for  extent  and 
quality,  with  any  Icnown  in  our  country. 

As  to  the  discovery  of  the  Jackson  deposit,  which  was  the 
first  to  be  mined  in  the  Lake  Superior  region,  we  may  quote 
from  the  letter  from  P.  M.  Everett  to  Capt.  G.  D.  Johnson, 
dated  Jackson,  Mich.,  1845,  and  contained  in  Brooks'  report: 

I  left  here  on  the  23d  of  July  last  and  was  gone  until  the  24th  of  Oc- 
tober. •  •  »  I  had  considerable  difficulty  In  getting  any  one  to  Join 
me  In  the  enterprise,  but  I  at  last  succeeded  in  forming  a  company  of 
thirteen.  1  was  appointed  treasurer  and  agent  to  explore  and  make  lo- 
cations, for  which  last  purpose  we  had  secured  seven  permits  from  the 
Secretary  of  War.  1  took  four  men  with  me  from  Jackson  and  hired  a 
guide  at  the  Sault,  where  1  bought  a  boat  qnd  coasted  up  the  lake  to  Cop- 
per Harbor,  which  is  over  300  miles  from  the  Sault  Ste.  Marie.  •  •  » 
We  made  several  locations,  one  of  wixlcb  we  called  Iron  at  the  time.  It 
is  a  mountain  of  solid  Iron  ore,  150  feet  high.  The  ore  looks  as  brlgbt  as 
abarof  iron  just  broken.  Since  coming  home  we  have  bad  some  of  It 
smelted,  and  And  that  it  produces  Iron  and  something  resembling  gold 
—some  say  It  Is  gold  and  copper.  Our  location  Is  one  mile  square,  and  we 
shall  send  a  company  of  men  up  In  the  spring  to  begin  operations;  our 
company  is  called  the  Jackson  Mining  Company.  The  actual  discovery 
oftbe  Jackson  location  was  made  byS.  T.  Oarr  and  E.  S.  Rockwell,  mem- 
bers of  Everett's  party,  who  were  guided  to  the  locality  by  an  Indian 
chief  named  Manjekljik.  The  superstition  of  the  savage  not  allowing 
him  to  approach  the  spot,  Mr.  Carr  continued  the  search  alone,  resulting 
In  the  discovery  of  the  outcrop,  which  he  describes  as  Indicated  In  Mr- 
Everett's  letter.  Previous  to  the  discovery  he  was  led  to  suppose  from 
the  Indian's  description,  that  he  would  find  silver,  lead,  copper  or  some 


other  metal  more  precious  than  Iron,  as  It  was  represented  to  be  ^'bright 


and  shiny." 
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July  S3,  1845,  articles  of  association  of  tbe  Jacksoo  Mlniat{  Company 
were  execuled  at  Jackson,  Mich.,  and  by  these  articles  Abrara  V. 
Berry  was  appointed  the  first  President,  Frederick  W.  Klrtland  Secrttary. 
Philo  M.  Everett  Treasurer,  and  George  W.  Carr  and  Wm.  A.  Ernst  Trtts- 
teei.  •  •  "  The  location  was  secured  hy  the  permit  issued  ta  James 
Ganson  and  was  described  by  metes  and  bounds,  commenclngat  a  certain 
large  pine  tree,  tbe  position  of  which  mas  fixed  by  Its  course  and  distance 
from  tbe  corner  of  Teal  lake.  When  the  land  was  surveyed  It  was  bought 
atS2.60per  acre. 

The  Oleveiand  Mining  company  was  organized  in  the  follow- 
ing year,  the  location  having  been  discovered  by  Mr.  Abram 
V.  Berry,  and  obtained  by  Dr.  Dassels  of  Cleveland.  In  1846 
Fairchlld  Ferrand  explored  the  Jackson  location  and  mined 
some  ore.  The  Jackson  company  erected  a  forge  in  1847  on 
the  Carp  river,  three  miles  east  of  the  mine,  under  the  super- 
intendency  of  Wm.  McNair,  and  the  first  iron  was  made  Feb- 
ruary 10.  1848,  by  A.  N.  Barney.  In  1850,  Mr.  A  L.  Craw- 
ford, proprietor  of  iron  works  at  Newcastle,  Pa.,  took  about 
five  tons  of  Jackson  ore  to  Pennsylvania,  and' worked  it  up. 
Two  years  later  a  larger  amount  was  taken  to  Sharon,  Pa,,  by 
general  Curtis,  -who  visited  lake  Superior  for  the  purpose  of 
securing  better  ore  for  his  furnaces.  In  1872  about  70  tons 
were  sent  to  Sharon;  and  in  1856  was  made  the  first  regular 
shipment,  amounting  to  5,000  toos. 

The  deposit  of  iron  ore  at  Republic  appears  to  have  been 
first  discovered  by  J.  "W.  Poster  and  S.  "W.  Hill  in  the  fall  of 
1848.  In  the  report,  presented  by  0.  T.  Jackson,  of  an  explor- 
ation of  the  country  lying  between  lake  Superior  and  Green 
bay  is  found  tbe  following  statement  by  Mr,  Poster  (loc.  cit, 
p.  775): 

After  leaving  the  lake  we  saw  no  exposure  of  the  rocks  until  wear- 
rived  at  the  north  part  of  township  48,  ranges  29  and  30.  Tbe  river  here 
forms  a  lake-like  expansion,  and  Is  bounded  on  the  northeast  bj  a  range 
of  hills  which  rise  abruptly  to  the  height  o(  nearly  two  hundred  feet 
above  the  water. 

We  explored  this  ridge  on  section  I.  township  46,  range  30,  and  tonod 
that  it  was  composed,  for  the  most  part,  of  nearly  pure  specular  oxide  of 
iron  ifer  oligtste).  It  shoots  up  In  a  perpendicular  cliff,  one  hundred  and 
thirteen  feet  In  height,  so  pure  that  It  Is  difScult  to  determine  Its  miner- 
al associations. 

We  passed  along  the  base  of  this  cliff  for  more  than  a  quarter  of  a  mile, 
seeking  for  some  gap  through  which  we  might  pass  and  gain  the  mimmlt. 
At  length,  after  much  toll  and  by  clambering  from  one  point  to  another, 
we  succeeded.  Passing  along  the  brow  of  the  cliff,  forty  feet,  the  mass 
was  comparatively  pure;  then  succeeded  a  bed  of  (luartz  composed  of 
rounded  grains,  with  small  specks  of  Iron  disseminated,  and  large  rounded 
masses  of  the  same  material  enclosed,  constituting  a  conglomerate.  This 
bed  was  fifteen  feet  in  thickness,  and  was  succeeded  again  by  specular 
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iron,  ezpoxed  la  places  to  the  wldtb  o(  one  huadred  feet,  but  the  soil  and 
trees  prevented  our  detertulolDg  Its  entire  width.  This  one  cliff  contains 
Iron  safflcieiit  to  supply  the  world  for  ages,  jet  we  saw  neither  its  length 
nor  its  width,  but  only  an  outline  of  the  mass.  Its  bearing  could  not  be 
accurately  determined,  but  was  Interred  to  be  north  of  west  and  south  of 
east,  with  a  northerly  dip  of  85°. 

The  same  deposit  is  described  in  similar  terms  in  Foster  and 
Whitney's  Lake  Superior  (Part  ii,  p.  22).  In  his  first  annual 
report  Mr.  Wright  states  that  this  property  was  originally 
"explored"  by  S.  C.  Smith,  and  entered  by  James  St.  Clair  in 
1854.  The  Republic  Iron  company  was  not  organized  until 
October  20,  1870,  and  the  first  ore  was  shipped  in  1872. 

The  great  demand  for  iron  occasioned  by  the  Civil  war 
caused  the  iron  interests  which  were  in  operation  at  that  time 
to  assume  a  very  successful  aspect.  Development  progressed- 
rapidly  and,  although  expenses  were  large,  the  demand  for  ore 
was  constant,  and  the  prices  high,  so  that  permanent  and  pros- 
pei-ous  cities  like  Negaunee  and  Ishpeming  were  started  and 
sustained  by  the  iron  or  mining  industry  of  Marquette  county. 
MENOMINEE  RANGE. 

The  earliest  reports  of  iron  ore  on  this  range  are  furnished 
by  those  same  early  geologists  and  explorers,  J.  W.  Foster  and 
S.  W.  Hill,  whose  trip  across  the  country  from  lake  Superior 
to  Green  bay  in  the  fall  of  1848  has  already  been  mentioned. 
It  seems  almost  incredible  that  their  observations  should  have 
lain  for  so  long  a  period  unverified  and  forgotten,  while  the 
search  for  iron  was  prosecuted  in  other  parts  of  the  same  re- 
gion. But  it  was  actually  more  than  twenty  years  t>efore  these 
deposits  were  rediscovered  and  thoroughly  explored.  Foster's 
first  accotmt  reads  as  follows  (Jacltson,  loc.  cit.,  p.  777): 

About  two  miles  southeast  of  the  lower  falls  lof  the  "Twin  Falls"  on 
the  Henominee),  near  S.  30,  T.  40,  R.  30,  there  is  a  large  bed  of  specular 
iron  ore  associated  with  the  talcose  and  argillaceous  slates.  It  makes 
Its  appearance  on  the  north  side  nf  a  lake,  and  can  be  traced  a  mile  and  a 
half  in  length,  and  la  places  Is  exposed  one  hundred  feet  in  widtb.  It 
bears  nearly  east  and  west,  and  la  external  characters  resembles  that  of 
the  Iron  mountain  before  described.  This  bed  was  first  discovered  by  . 
JohQ  Jacobs,  from  whom  I  derived  the  information,  and  may  be  r^arded 
as  the  southern  limit  of  the  iron.  Tbe  distance  from  this  point  to  the 
moat  northerly  point  where  Iron  was  discovered  (on  the  Marquette  range) 
is  more  than  50  miles  in  a  direct  line.  Below  the  falls  there  are  heavy 
accumulations  of  drift,  so  that  the  subjacent  rocks  are  rarely  seen;  and 
this  bed  of  Iron  ore,  if  It  cross  the  river,  is  effectually  concealed. 

The  limestone  was  also  observed,  and  a  bed  of  marble  indi- 
cated on  the  map  which  accompanied  the  report.  The  iron  ore 
was  compared  with  that  of  Elba,  New  York,  and  Missouri,  »td 
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said  to  excel  them  all  in  value  and  favorable  location.  It  was 
pointed  out  that  the  natural  outlet  would  be  by  way  of  Bay  de 
Noguet  on  lake  Michigan,  the  place  where  Escanaba  is  now 
situated,  and  that  it  was  entirely  practicable  to  constract  a 
road  to  that  point.  In  the  "Report  of  the  Commissioners  of 
the  Greological  Survey"  of  Wisconsin  for  1858,  are  the  follow- 
ing remarks  by  Col.  Chas.  Whittlesey; 

Id  1850 1  passed  up  tbe  MenomiQee  as  far  as  Irwto  Falls,  and  ezamioed 
the  rocks  to  the  east  of  the  river  Id  Michigan.  Here  the  magnetic  aod 
specular  ores  were  found,  and  beautifully  veined  marbles.  The  system  ot 
Mag  D  es  iau  slateE  extend  In  (t  from  Carp  river,  on  lake  Superior,  westward 
aod  soutbwestward,  which  embraces  the  metamorphlc  If mestoaes  and  the 
Iron,  was  then  traced  to  the  state  lice  of  WIscodsId. 

During  the  explorations  of  tbe  present  year,  Id  tracing  that  system 
within  this  state  across  the  Menominee  river,  I  had  the  satisfaction  to 
flod  that  It  produces  here  both  Iron  and  marble,  In  quantities  that  are  In- 
exhaustible. 

I  cannot  In  this  note,  nor  until  the  analyses  are  completed,  give  au  Idea 
of  the  value  of  the  ores,  but  I  am  satisfied  that  whenever  a  cheap  mode 
of  traosportatiou  is  provided  they  will  attract  notice.  Both  tbe  Iron  ores 
and  tbe  marbles  exist  on  both  sides  of  the  river  convenient  to  water 
power  that  Is  unlimited.  A  cooslderablepartot  the  deposits  of  Iron  have 
hard  wood  near  at  hand  suitable  tor  coal. 

Further  mention  of  the  "iron  ridge"  southwest  of  lake  Ab- 
toine  and  near  lake  Fum4e  may  be  found  in  Foster  and  Whit- 
ney's Lake  Superior,  Vol.  II,  pp.  30,  31,  1851.  On  page  28 
there  is  given  a  section  taken  from  the  manuscript  of  Col. 
Whittlesey,  showing  specular  iron  interstratified  with  sacchar- 
oidal  limestone  near  a  branch  of  CedEur  river  and  near  Little 
Bekuenesec  falls  on  the  Menominee  river.  It  is  also  stated,  in 
this  connection,  that  Mr.  W.  A.  Burt  crossed  a  low  ridge  of 
iron  ore  in  1846,  not  far  from  the  corner  of  townships  41  and 
42,  l>etween  ranges  29  and  30.  This  was  not  subsequently  met 
with  in  running  the  township  lines.  This  ore  is,  however, 
shown  on  the  geological  map  of  1873. 

In  1866  Thomas  and  Bartley  Breen.  of  the  town  of  Menom- 
inee, discovered  the  deposit  which  afterwards  became  known 
as  the  Breen  mine,  on  sec.  22,  T.  39  28.  No  further  explora- 
tions were  made  until  1870,  when  the  "fee"  of  t^e  property  had 
passed  into  the  hands  of  the  discoverers  and  Judge  Ingalls  and 
8.  P.  Saxton.  Mr.  Saxton  then  commenced  the  first  active 
mining  operations  recorded  in  the  region  by  sinking  several 
test  pits,  and  cutting  two  long  trenches  across  the  formation. 

In  1867  the  region  was  visited  and  examined  geologically  by 
Dr.  Herman  Credner,  of  Giermany.  His  description,  in  Ger- 
man, was  published  in  1869,  and  contained  frequent  references 
to  the  iron  ores.  d ^,i ,,, ,,  C. OOg Ic 
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The  first  systematic  exploration  was  begun  in  1872  under  the 
immediate  superrision  of  oar  distinguished  president.  Dr.  Nel- 
son P.  Hulat,  at  that  time  the  agent  of  the  Milwaukee  Iron  com- 
pany, the  chief  promoters  of  which  were  Mr.  J.  J.  Hagerman 
and  Mr.  J.  H.  Van  Dyke  of  Milwaukee.  That  the  company 
had  made  a  good  choice  in  their  selection  of  an  explorer  was 
soon  proven  by  the  discovery  of  the  Vulcan  and  West  Vulcan 
mines.  Mr.  Lewis  Whitehead,  who  was  Dr.  Hulst's  chief 
woodsman,  was  no  less  energetic  than  his  superintendent,  and 
soon  had  a  road  cut  from  the  Breen  to  the  Vulcan  and  camps 
erected  at  the  latter  place.  In  1873  Mr.  John  L.  Buell  explored 
the  Quinnesec  property  and  carted  the  first  ore  (fifty-three 
tons)  to  Menominee,  where  it  was  smelted  by  the  Menominee 
Furnace  company. 

The  panic  of  1873  put  a  damper  on  operations  for  a  time 
But  in  1877  the  Menominee  Mining  company,  of  which  Dr. 
Hulst  was  a  member,  purchased  the  leases  of  the  Milwaukee 
Iron  company,  and  again  started  the  Doctor  on  the  search  for 
ore.  He  was  again  successful,  this  time  discovering  the  cele- 
brated Chapin  mine.  This  was  in  1878;  and  in  1880  the  first 
shipments  were  made,  amounting  to  34,556  tons.  The  dis- 
covery of  the  Norway  mine  soon  followed  (in  August,  1878), 
and  thereafter  the  new  range  was  entered  fully  in  the  list  of 
ore  producers  from  lake  Superior. 

PENOKEE-GDGEBIC  RANGE.  • 
The  magnetic  iron  ore  belt  of  northern  Wisconsin  was  first 
noted  in  1848  by  Dr.  Randall,  assistant  geologist  to  Dr.  David 
Dale  Owen,   while   following   the  Fourth  principal    meridian 
northward. 

In  Owen's  "Report  of  a  Geological  Survey  of  Wisconsin, 
Iowa  and  Minnesota"  there  is  a  - 'G^eological  report  of  that 
portion  of  Wisconsin  bordering  on  the  south  shore  of  lake 
Superior,  surveyed  in  the  year  1849,"  by  Charles  Whittlesey. 
On  pages  444-447  of  this  report  (published  in  1852)  is  a  de- 
scription of  the  "Magnetic  Iron-beds  of  the  Penokie  Range." 
Analyses  of  iron  ore-found  there  are  quoted  which  show  from 
56.3  per  cent,  to  66  per  cent,  of  metallic  iron,  and  the  follow- 
inf(  statements  are  made : 

The  bed  of  magnetic  ore  south  of  Lac  des  Anglais  is  of  extraordinary 
thickness,— bwent;- five  to  aixly  feet.  *  *  *  In  the  wild  and  deep  ra- 
vines wbere  the  Bad  river  breaks  through  the  range,  there  is  a  cUfFof 
slaty  ore,  most  of  which  comes  out  Jd  thin,  oblique  prisms,  with  well-de- 
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flnerl  aoglesaDdstraigbt  edges,  probably  three  hundred  fe«t  thick,  iDClnd- 
log  what  Is  covered  by  tbe  talud  or  fallen  portions.  I  estimate  more  than 
ODe-halF  of  Ibis  face  to  be  ore;  and  Id  places  tbe  beds  are  from  ten  to 
twelve  feet  In  thlckDess,  with  very  little  intermixture  of  quartz.  Then 
are  portloua  of  it  not  slaty,  but  thick-bedded. 

The  geological  occurrence  is  fully  figured  and  described,  and 
the  similiarity  of  this  ore  to  "the  extensive  mines  or  rather 
mountains  of  iron  ore  in  Michigan,  described  by  Houghton. 
Burt,  Jackson,  Foster  and  Whitney"  is  also  mentioned.  The 
idea  of  exploitation  on  a  large  scale  is  conveyed  in  the  last 
paragraph : 

The  position  of  the  beat  exposures  of  ore  which  I  saw  is  such  as  to  re- 
quire from  eighteen  to  twenty-eight  miles  of  transportation  tn  reach  the 
lake.  The  nearest  natural  harbor  Is  in  Chcgwomlgon  bay,  about  twentj- 
flve  mllea  from  the  central  part  of  the  Penokle  range. 

The  interesting  origin  of  the  nam^e  "Penobie"  was  given  as 
follows  by  Col.  Whittlesey  in  an  article  on  "The  Penokee  Min- 
eral Range"  read  before  the  Boston  Society  of  Natural  History 
in  July.  1863: 

In  tbe  Chippewa  langu^e  the  name  for  Iron  ispetoabik;  and  I  thought 
it  proper  to  desl^rnate  the  mountains,  where  this  metal  exists  In  qntD- 
titles  that  surprise  all  observers,  as  the  "Fewabtk  Bauge."  The  com- 
positor, however,  transformed  it  Vo  Penokie,  a,  work  which  belongstono 
language,  but  which  is  now  too  well  fastened  upon  the  range  by  usaiie 
to  be  changecl, 

Soon  after  the  publication  or  Dr.  Owen's  report,  the  excitement  of 
1845-8  in  reference  to  copper  was  repeated  tn  reference  to  iron.  Pre-emp- 
tors  followed  the  surveyors,  erecting  their  rude  cabins  on  each  quarter- 
section  between  the  meridian  and  Lac  des  Anglais,  a.  distance  of  elf;ht«eD 
or  twenty  miles.  The  Iron  belt  Is  generally  less  than  oae-fourth  of  a 
mile  in  width,  regularly  stratlded,  dipping  to  the  northwest,  coofonu- 
able  to  tbe  formatlous,  and  having  Its  outcrop  along  the  summit  of  the 
second  or  soutbprly  range. 

So  much  iron  was  found  there  that  he  intended  to  call  it  the 
"Pewabik"  range  in  1850,  even  before  the  government  survey 
of  the  region. 

This  paper  was  accompanied  by  a  geological  map  of  the  range 
prepared  by  Whittlesey  in  1860,  on  which  the  crest  of  the 
range  and  the  outcrops  of  iron  ore  are  marked  with  wonderful 
accuracy. 

But  Whittlesey  was  not  the  only  geologist  who  observed  and 
described  the  mineral  wealth  of  this  region.  In  1858  £dward 
Daniels,  one  of  the  State  Geological  Commission,  and  prior  to 
that  time  state  geologist,  visited  the  Penokee-Gogebic  range 
and  mentions  it  as  follows  in  the  Commissioner's  report  for 
1858,  pp.  10,  11: 
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The  mlBural  resources  also  promise  richly.  The  most  iuportaot  of 
these  are  the  great  deposits  of  Iron  ore  found  In  the  Penokie  Mountains, 
about  thirty  miles  Inland  from  the  head  of  Chegwomlgon  Bay.  These 
iron  beds  follow  the  mountain  ridge  through  several  townships,  having  a 
direction  a  little  north  or  east.  *  •  •  •  The  ore  Is  principally  the 
raagoetic  and  brown  oxide,  with  traces  of  specular  iron,  and  occurs  In 
seams  parallel  with  the  stratification,  varying  from  a  mere  line  to  fifty 
feet  In  thicltaess;  it  Is  of  good  quality,  well  located  for  quarrying,  and 
practically  Inexhaustible. 

Another  well-known  scientiBt  who  saw  and  appreciated  the 
ore  deposits  of  this  range  was  Dr.  I.  A.  Lapham,  afterward 
state  geologist  of  Wisconsin.  He  visited  the  Penokee  district 
with  Daniels  in  1858.  His  account  of  the  trip  may  be  seen  in 
the  Trans,  Wisconsin  State  Agricultural  Society,  Vol,  V, 
1858-59.  He  thete  gives  what  is  perhaps  the  first  published 
map  of  the  range,  and  speaks  highly  of  the  Iron  ore  he  saw 
there.  In  a  report  made  by  Dr.  Lapham  to  the  Wisconsin  and 
Lake  Superior  Mining  and  Smelting  company,  dated  Novem-  ' 
ber,  1858,  and  published  in  pamphlet  form  in  1860,  we  find  the 
following: 

Iti  will  be  seen  that  wehavealreadydlscoveredgoodorein  such  quanti- 
ties as  to  be  practically  inexhaustible,  situated  at  points  accessible  to 
water  power  and  having  bold  fronts,  rendering  It  comparatively  easy  to 
be  quarried.  For  many  years  to  come  only  the  richest  and  most  acces- 
sible ores  can  be  brought  into  use,  rejecting— at  least  for  the  preseot— all 
such  as  have  too  large  a  proportion  of  silica,  and  such  as  are  not  In  a  con- 
dition to  be  easily  and  cheaply  removed  from  the  natural  bed. 

Further  full  accounts  of  the  Penokee-Gogebie  range  are  to 
be  found  in  Volume  III  of  the  Wisconsin  geological  reports 
for  1873-79.  pages  100-166. 

A  brief  description  of  this  range  by  R.  Pumpelly  and  T.  B. 
Brooks,  published  in  the  report  of  the  Michigan  geological 
survey  for  1872,  seems  to  have  attracted  considerable  attention. 
This  report  was  accompanied  by  a  map  on  which  the  belt  of 
iron-bearing  rocks  is  delineated  in  a  general  way. 

In  1879  P.  H.  Brotherton  directed  explorations  which  very  ' 

closely  located  the  ore  formation  for  the  Canal  company. 
Subsequent  work  of  development  has  borne  testimony  to  the 
accuracy  of  his  field  locations,  all  the  mines  since  found  in  the 
district  examined  by  him  being  on  or  very  near  the  line  at  that 
time  determined. 

The  first  discovery  of  soft  ore  in  situ  and  in  large  quantity 
Is  said  to  have  been  made  by  CapL  Nat.  D.  Moore,  during  the 
season  of  1880,  This  was  on  section  15,  T.  47-46,  Michigan. 
Gapt.  C.  P.  Pease  commenced  explorations  on  the  adjoining 
section  [161  in  June,  1881,  for  the  Cambria  Iron  and  Steel  Op»  ■ 
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and  partially  developed  the  Colby  miae.  Actual  mmlng  was 
begun  here  in  October,  1884,  by  Capt  Moore,  and  the  first  ore 
was  shipped  on  six  flat  cars  over  the  Milwaukee,  Lake  Shore 
and  Western  railway  to  Milwaukee,  and  thence  to  Erie,  Pa. 
Under  the  management  of  Mr.  Joseph  Sellwood  this  mine  sur- 
passed all  predecessors  in  the  amount  of  ore  shipped  during 
the  first  three  years  after  it  was  opened. 

The  Sunday  Lake  mines  were  found  by  G-eo.  A.  Fay,  who 
conducted  explorations  in  1881  and  1882  for  D.  H,  Merritt  and 
others  of  Marquette,  Mich. 

During  the  fall  of  1882  test  pitting  was  started  by  Capt.  Jas. 
A.  Wood  for  Mr.  A.  L.  Norrie,  on  the  S.  ^  of  S.  E.  {,  sec.  22. 
T.  47,  R.  47.  Ore  was  found  almost  immediately,  and  the 
great  Norrie  mine  is  the  result  of  subsequent  explorations  on 
the  same  ore  body. 

The  wave  of  mining  stock  speculation  which  fairly  inundated 
the  northern  states  during  the  two  years  following  the  dis- 
covery of  these  iron  mines  is  of  too  recent  date  to  require  de- 
scription. Suffice  it  to  say  that  the  production  from  the  new 
range  was  simply  phenomenal,  doubling  and  trebling  with  un- 
paralleled rapidity,  and  constituting  one  of  the  most  remark- 
able chapters  in  the  mining  history  of  this  remarkable 
country. 

VERMILION  RANGE. 
The  first  account  of  iron  ore  on  the  Vermilion  range  appears 
in  the  report  of  state  geologist  H.   H.  Earaes,  published  in 
1866.     On  page  11  is  this  account: 

The  iron  Sayige  of  Lake  VermiUon 
is  on  the  east  end,  on  tbe  stream  known  as  Two  River,  wbicb  Is  about> 
sixty  feet  wide.  •  *  •  This  range  Is  about  one  njlle  In  lengtb;  it  then 
ceases,  and  after  passing  ttarouKh  a  swamp,  another  uplift  Is  reached, 
from  two  buiidred  and  fifty  to  three  hundred  feet  high.  The  iron  is  ex- 
posed at  two  or  three  points  between  fifty  and  sixty  feet  In  thlckiiessj 
at  these  points  it  presents  quite  a  mural  fac«,  hut  below  it  is  covered 
with  detritus  of  Ibe  over-<»pplng  roclc.  On  this  account  its  exact  tblcli- 
ness  could  not  be  correcti;  ascertained.  The  ore  is  of  the  variety  known 
as  hematite  aud  white  steely  Iron,  and  is  associated  with  quartzose, 
Jasperolds  and  serpentine  rocks.  .  It  generally  has  a  cap  rock  of  from 
three  to  twenty  feet  thick,  A  little  to  the  north  of  this  is  an  exposure  of 
magnetic  iron  of  very  good  quality,  forming  a  hill  parallel  with  the  one 
described. 

The  hematltic  iron  has  a  reddish  appearance  from  exposure  to  atmos- 
pheric Influence;  its  fracture  is  massive  and  granular,  color  a  dark  steel 
gray.  The  magnetic  iron  ore  Is  strongly  attracted  by  the  magnet  sqiI 
has  polarity.  Is  granularly  massive,  color  iron  black.       , .  , 
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At  the  request  of  the  legislature  of  Minnesota  Col,  Charles 
Whittlesey  made  a  "Beport  of  £zploratlons  io  the  Mineral 
Regions  of  Minnesota  during  the  years  1848,  1869  and  1864," 
published  in  Cleveland  in  1866.  In  this  report  is  a  map  of 
Vermilion  lake  and  the  Mesabi  iron  range.  It  also  contains, 
on  page  10,  an  announcement  of  the  discovery  of  iron  ore  at 
the  former  locality  by  Eames.  Here  Col.  Whittlesey  gives  it 
as  his  opinion  that  workable  iron  ore  exists  near  enough  to 
lake  Superior  to  render  it  of  practical  value. 

The  first  "shot"  was  put  in  the  ore  at  Vermilion  lake  by 
G«o.  R.  Stuniz  and  John  Mallmann  in  1875,  on  the  "south 
ridge."  In  1884 the  Duluth  andiron  Range  railroad  was  con- 
structed from  lake  Superior  to  the  mines  at  Tower,  and  min- 
ing was  begun  under  the  direction  of  Capt.  Elisha  Morcom. 
Afterwards,  with  a  change  of  ownership,  in  1886,  the  manage- 
ment passed  to  Mr.  D.  H.  Bacon,  under  whose  supervision  sub- 
sequent discoveries  were  made  and  the  mines  developed  into 
one  of  the  finest  plants  in  the  country. 

The  mines  at  Ely  were  first  opened  by  Mr.  Jas.  Sheridan 
and  his  associates  in  1S86,  but  were  soon  turned  over  to  the 
present  owners,  under  the  superintendence  of  Mr.  Jos.  Sell- 
wood  and  his  mining  captain,  John  Pengilly.  The  record  of 
the  Chandler  has  been  a  most  creditable  one.  Further  detailed 
accounts  of  the  Vermilion  range  may  be  found  in  "The  Iron 
Ores  of  Minnesota,"  Bulletin  No.  6  of  the  geological  survey  of 
Minnesota,  which  was  written  in  1890  and  published  in  1891. 

^  MBSABl  RANGE.  • 

In  1850  J.  G.  Norwood  mentioned  iron  ore  as  occurring  at 
Gunflint  lake  (D.  D.  Owen's  report  of  Wisconsin,  Iowa  and 
Minnesota,  p.  417),  and  stated  that  it  appeared  to  be  in  the 
eastward  continuation  of  the  bills  known  farther  west  as  the 
Mesabi,  and  which  estended  to  Pokegama  falls  on  the  Missis- 
sippi river.  He  did  not  notice  ore  in  sufficient  quantities  to 
impress  him  with  its  value  as  a  merchantable  ore  deposit,  but 
simply  noted  its  occurrence  near  the  west  end  of  the  lake. 

H.  H.  Eames,  the  geologist  mentioned  above,  was  the  first 
to  note  iron  ore  on  the  Mcsabi  range  and  consider  it  of  any 
value.  In  his  report  of  1863.  published  the  following  year,  is 
an  account  of  the  ore  on  the  western  end  of  the  range,  at 
Prairie  river,  together  with  several  analyses,  showing  it  to  be 

■ThUaiMlHiiEoCiBiianie  "JMesabl"  Is  idoittedbecauBe  It  coatormB  with  tbe  DSKge 
ol  tbe  state  and  national  geolt^lcsl  surve^a  for  maor  jean,  and  Is  In  acoordwttb  the 
declHlon  of  tbe  National  Board  of  Qeograpbio  Names. 
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of  good  quality.  Mr.  Eames  took  steps  to  secure  title  to  this 
property  and  develop  it;  but  tbe  time  had  not  yet  come  for 
such  an  enterprise  to  be  successful. 

Favorable  mention  is  made  of  the  Mesabi  in  various  other 
geological  reports,  between  that  time  and  1891.  N.  H.  Win- 
chell  and  A.  H.  Chester  described  it  at  some  length  in  the 
seventh,  ninth,  tenth  and  eleventh  reports,  and  the  State  was 
urged  to  take  steps  to  have  it  developed.  la  the  volume  on 
the  iron  ores  of  Minnesota,  however,  may  be  found  tbe  most 
elaborate  discussion  of  the  rocks  of  this  range.  The  views 
held  at  this  time,  before  the  actual  discovery  of  any  of  the 
numerous  deposits  since  opened  up,  are  well  expressed  in  the 
following  quotations  (op.  cit.,  pp.  112,  160)  : 

They  [the  ores  of  the  Mesabi]  are  destined  to  play  a  very  Important 
part  Id  the  future  development  of  the  Iran  industry  of 'the  state.  Th^ 
occupy  fourfold  tbe  area  that  is  occupied  by  the  Eeewatln  ores  [Ver- 
mllloD  range],  and  they  are  nearer  the  ore-shlpplDtr  pointe  as  well  as  Uie 
iron-UBlag  markets.  It  iH.on  account  of  this  high  promise  of  future  pro- 
ductiveness that  they  are  fully  described  in  this  bulletin.    •    •    • 

There  can  be  no  reasonable  doubt  that  in  Minnesota,  about  the  westeni 
and  northwestern  coaflnesof  the  Lake  Superior  basin  and  exteodlog 
westward  to  tbe  Misaisslppl  river,  there  will  yet  be  mined  in  tbe  Mesabi 
range  even  greater  quantities  of  hematite  than  have  been  taken  from 
that  marvel  of  mining  districts,  tbe  Penokee-Oogeblu  range,  which  blazed 
out  with  such  a  brilliant  record  only  a  few  years  ago. 

The  first  persistent  exploration  of  the  Mesabi  range  for  iron 
ore  was  made  by  the  Merritt  brothers,  Lon  and  Alf.,  of  Dnluth, 
Minn.,  and  to  them  in  largest  measure  must  be  credited  itsan- 
precedently  rapid  development,  and  to  a  certain  extent  the 
disastrous  consequences  to  the  iron  ore  interests  of  the  entire 
Lake  Superior  region  during  1893.  The  Mountain  Iron  mine 
was  found  on  the  16th  day  of  November,  1890,  by  a  crew  of 
workmen  under  Oapt.  J.  A.  Nichols.  In  August,  1891,  the 
next  large  deposit  was  discovered  by  John  McCaskilt,  Capt. 
Nichols  and  Wilbur  Merritt;  this  has  since  developed  into  Uie 
Biwabik  group  of  mines.  In  1892  two  railroads  were  built  t« 
the  range,  and  in  1893  the  shipments  amounted  to  620,000  gross 
tons,  a  record  for  the  first  full  year's  shipments  that  has  never 
been  equalled. 

CANADIAN  IRON  ORE. 

Deposits  of  iron  ore  are  known  to  exist  in  Ontario,  north  of 
lake  Superior.  The  McKeliar  brothers  of  Fort  William,  have 
done  more  than  any  others  to  discover  the  iron  ores  of  that 
vicinity.     Although  not  yet  thoroughly  explored  by  shafting 
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or  drilling,  it  Is  probable  that  there  is  a  considerable  amount 
of  merchantable  ore  In  the  Thunder  Bay  district  which  will  be 
of  value  when  the  country  is  more  thickly  populated.  It  is  not 
likely  that  it  will  ever  enter  into  serious  competition  with  the 
ore  of  those  portions  of  the  Lake  Superior  region  situated  in 
the  United  States,  owing  to  its  poorer  qaality  and  greater  cost 
of  production.  So  far  as  these  deposits  are  at  present  de- 
veloped they  do  not  compare  favorably  with  those  on  this  side 
of  the  boundary  line. 


Having  devoted  considerable  space  to  a  description  of  our 
two  most  prosperous  snd  profitable  mining  industries,  it  re- 
mains for  us  to  mention  more  briefly  the  discovery  of  silver 
and  gold. 

The  occurrence  of  native  silver  mixed  with  the  copper  of 
Keweenaw  point  and  the  north  shore  of  the  lake  was  noticed  at 
an  early  date,  and  has  already  been  referred  to  under  the  head 
of  copper.  The  only  mines  around  lake  Superior  that  have 
been  wrought  for  any  length  of  time  for  silver  alone  are  on  the 
north  shore,  around  Thunder  bay.  The  discovery  of  silver 
grew  out  of  explorations  for  copper.  In  1846  Mr.  William 
Logan  spent  the  summer  in  an  examination  of  the  Canadian 
shore  of  the  lake.  During  the  same  season  Mr.  Forrest  Shep- 
pard  conducted  the  first  explorations  'for  the  Montreal  Mining 
company,  starting  on  May  2  from  Montreal  with  a  small  party, 
which  was  soon  increased  to  the  number  of  eighty  or  more. 
The  coast  was  examined  from  Sault  Ste.  Marie  to  Pigeon  river, 
a  distance  of  about  500  miles,  and  eighteen  locations  were 
selected.  Each  location  was  five  miles  in  length  and  two  in 
width,  thus  containing  ten  square  miles  of  territory.  One  of 
these  locations  included  Silver  islet,  on  which  the  silver  was 
not  discovered,  however,  until  21  years  later.  Prince's  loca- 
tion, west  of  the  Eaministiquia,  on  Thunday  bay,  seems  to 
have  been  the  scene  of  the  first  discovery  of  silver  in  what  was 
at  that  time  a  large  quantity.  The  vein  had  a  width  of  14  feet, 
composed  of  calcite,  barite  and  amethystine  quartz,  with  a 
metalliferous  streak  in  the  middle.  Two  shafts  and  an  adit 
level  were  opened,  and  masses  of  silver  several  pounds  in 
weight  were  taken  out.  It  is  reported  that  the  silver  carried 
an  appreciable  amount  of  gold.  This  work  was  abandoned 
about  the  year  1850. 
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In  1856-1857  the  Montreal  Mining  company,  on  the  advice  of 
their  superintendent,  Mr.  E.  B.  Borron,  attempted  to  develop  a 
mine  on  their  location  at  point  Mamainse.  There  were  several 
veins  which  made  a  good  surface  showing  of  native  copper, 
chalcopyrite  and  galena,  with  silver  both  native  and  in  the  lead 
sulphide.  Five  shafts  were  sunk  to  depths  varying  from  14  to 
60  feet  on  the  most  promising  leads.  But  the  veins  did  not 
hold  oat  in  depth,  and  operations  were  suspended  in  1857. 

The  Prince  and  Mamainse  mines,  however,  seem  to  hare 
been  more  highly  valued  for  copper  than  for  silver,  and  the 
first  discovery  of  silver  of  any  consequence  was  made  by  Mr. 
Peter  McKellar  in  the  autumn  of  1866,  at  what  afterwards  be- 
came the  Thunder  Bay  mine.  About  a  year  later  the  Shnniah 
(later  called  Duncan)  vein  was  found  to  be  silver-bearing  by 
Mr.  John  McKellar  and  Mr.  Geo.  A.  McVicar,  This  was  in 
May,  1867.  Work  was  prosecuted  on  these  veins  in  1869  and 
1870,  the  expenditures  at  the  latter  mine  having  amounted  to 
about  half  a  million  dollars  for  a  total  yield  of  120,000,  before 
the  final  suspension  in  1862. 

The  events  leading  to  the  discovery  of  silver  on  Silver  islet 
and  the  account  of  the  "find"  are  given  as  follows  by  Mr. 
Thomas  Macfarlane  (Trans,  Am.  Inst  Min.  Eng.,  vol.  vm, 
1880.  pp.  227.  228): 

It  waa,  In  all  likelihood,  the  McKellar  dlBcoVerles,  totrether  with  the 
impoeltioD  bj  the  Ontario  goverameDt  of  a  tax  of  two  cents  per  acre  on 
Lake  Superior  miniog  laods,  which  prompted  the  Mnnlreal  Mining  Com- 
pany to  begin  a  sfBtematlc  exploration  of  their  northwestern  locationa. 
For  twenty-two  years  these  had  been  allowed  to  lie  almost  entirely  neg- 
lected. Several  of  tbem  were  indeed  vlslt«d  and  explored  by  Mr.  PUgriin 
of  Sault  SU.  Marie  and  the  late  Mr.  Harrlcli,  F.  L.  S.,  but  the  results 
were  not  snch  as  toencourage  the  company  to  proceed  to  active  miniog 
operatlODB.  Indeed,  durinfc  the  greater  part  of  this  time,  the  company's 
resources  were  taxed  to  the  utmost  In  developing  and  working  the  Bruce 
coppermines.  It  may  eafely  be  asserted  that  in  doing  this  tbey  eIpe^ 
ienced  a  dead  loss  of  £400,000,  a  fact  which  is  abundantly  eufHcIf  nt  toac- 
couDt  for  the  unwillingness  of  the  board  and  shareholders  to  riak  further 
capital  in  mining  operations.  The  causes  above  given  were,  however, 
enough  to  induce  tbem  to  incur  a  moderate  outlay  for  exploring  tbeir 
landH,  and  early  in  1668  I  was  employed  by  the  company  to  take  charge 
of  a  party  for  this  purpose.  •  •  "  •  On  the  16th  of  May  our  eipla> 
Ing  party,  consisting  of  six  men  besides  myself,  arrived  In  Thunder  Bay, 
on  board  thesteamerAIgoma,  which  was  heavily  freighted  with  men  and 
materials  for  working  the  Thunder  Bay  Company's  mine.  After  flstllDK 
the  latter  and  the  Shunlah  (now  the  Duncan)  mine,  and  calling  the  at- 
tention of  the  men  of  our  party  to  the  appearance  and  characters  of  the 
native  silver  and  silver  glance  produced  by  them,  we  started  in  our 
Mackinaw  boat  on  tbe  19tb  eoutbwestnard  for  Jarvie's  location.   ■  ■  * 


>yCOOglC 


STATE  GEOLOGIST.  145 

On  Jarvls's  Islaad  Ave  dlffereat  veins  were  found,  and  In  one  of  them 
native  silver  and  silver  glance  were  disnovered  (the  former  by  Mr.,  now 
Dr.,  C.  O.  Brown,  and  the  latter  by  Mr,  Patrick  Hn({an),  specimens  of 
which  were  forwarded  to  Montreal.  •  •  •  On  the  1st  of  June  we  left 
J'arvls's  for  Stewart's  location  at  Pigeon  river,  where  we  remafned  until 
the  21st,  making  a  very  close  exploration  for  a  distance  of  three  mile?  In- 
land. *  •  *  Od  the  21st  of  June  wereturnedtoFort  William,  and  on 
the  23d  reached  Thunder  Cape  and  Wood's  location,  «*•!•*« 
determined  to  make  a  complete  geological  map  of  Wood's  location,  and 
arranged  with  my  assistant,  Mr.  Gerald  C.  Brown,  to  have  the  shore  line 
accurately  surveyed.  It  was  while  engaged  planting  hla  pickets  on  the 
many  Islands  fronting  the  location  that  Mr.  Brown  first  landed  on  the 
rock  shortly  afterwards  named  by  me  "Silver  Islet,"  and  observed  the 
vein  and  the  galena  occurrio^i  in  it.  Z  then  visited  the  Island  to  obtain 
specimens  of  the  galena  and  the  enclosing  rock,  and  three  men  were  set 
to  work  to  blast  out  some  of  the  galena.  It  was  while  engaged  working 
on  the  Islet  that  one  of  these  men,  Mr.  John  Morgan,  found  the  first 
nuggets  of  metallic  silver,  close  to  the  water's  edge.  A  single  blast  was 
suflSclent  to  detach  all  the  vein  rock  carrying  ore  above  the  surface  of  tbe 
water,  •  ■  •  The  silver  was  discovered  OQ  the  lOtb  of  July  [1868],  and 
on  the  15th  three  packages  of  the  best  specimens  were  shipped  from  Fort 
William  to  Montreal. 

During  the  next  two  years  Mr.  Macfarlane  worked  on  this 
rock  iu  the  lake,  exposed  to  storms  which  sometimes  swept 
completely  over  the  island  and  tore  away  all  their  buildings 
and  bulwarks.  The  Montreal  company  coulh  not  be  induced 
to  incur  the  expense  necessary  to  mine  in  earnest,  although  the 
rocii  taken  out  under  the  water  in  the  winter  of  1869-70  yielded 
$16,000  when  it  was  smelted.  The  property  was  sold  in  1870 
to  the  Silver  Islet  Mining  company,  composed  of  capitalists 
from  New  York  and  Detroit,  Michigan,  with  Capt  W.  B.  Frue 
as  superintendent. 

The  discovery  of  silver-bearing  veins  in  the  Rabbit  and  Sil- 
ver Mountain  districts  was  made  in  1882  and  1884  respectively, 
by  Mr.  Oliver  Daumiis,  who  learned  of  them  through  an  Indian 
named  Tchiatong,  who  formerly  worked  for  the  geological 
survey  and  had  developed  quite  a  fondness  for  exploring,  Mr. 
Daunais,  having  married  this  Indian's  daughter,  was  enabled  to 
overcome  his  reiuctance  to  reveal  his  discoveries,  and  was  con- 
ducted nearly  to  the  spot  and  then  told  to  find  the  veins  him- 
self, which  was  not  a  difficult  matter. 

There  have  been  occasional  discoveries  of  silver  in  other 
parts  of  this  district;  and  companies  have  been  formed  to  oper- 
ate mines  on  surface  showings  of  greater  or  less  attractive- 
ness. One  of  the  most  persistent  attempts  to  mine  silver  ore 
was  made  in  the  vicinity  of  Ontonagon,  Michigan.  Mr.  Austin 
10  G 
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Corser,  of  that  place,  is  said  to  have  discovered  silver  ore  in 
sita  in  1856.  When  the  land  was  surveyed,  in  1870,  he  pro- 
cured a  preemption  on  the  S.  W.  i,  sec.  14,  51^2,  on  Little  Iron 
river,  about  a  mile  from  lake  Superior.  In  1872  a  mining  craze 
of  the  regulation  style  set  in.  It  reached  its  g^atest  intensity 
in  1874,  and  subsided  in  the  following  year.  A  stamp  mill 
with  amalgamators  was  erected  near  this  place  in  1875  by  the 
Ontonagon  and  Superior  Mining  companies,  under  the  diree- 
ticMi  of  Mr.  F.  W.  Crosby,  but  only  about  50  tons  of  ore  were 
milled.  The  boom  collapsed,  and  the  mines  shut  down,  the 
Cleveland  being  the  last  to  quit,  in  1876. 

GOLD. 

Although  mines  of  the  yellow  metal  are  neither  numerous 
nor  large  producers  individually  in  this  section  of  the  county, 
they  are  found  on  both  shores  of  the  lake,  and  it  is  not  improb- 
able that  they  will  increase  in  number  and  productiveness  dur- 
ing the  next  decade. 

There  are  reasons  for  believing  that  the  first  discovery  of 
gold  was  made  by  Dr.  Douglass  Houghton  in  1845,  not  far  from 
the  present  town  of  Negaunee.  The  story  is  told  by  Mr.  S.  W. 
Hill,  and  a  voyafeeur  named  Antoine  Du  Noir.  They  agree  in 
the  statement  that  Dr.  Houghton  wandered  away  from  camp 
one  day  and  returned  about  dark  with  a  bag  full  of  specimens, 
in  which  native  gold  was  plainly  visible.  He  told  them  that 
they  were  in  a  gold  country,  and  that  he  should  not  be  sur- 
prised to  find  quantities  of  it  in  the  Huron  hills.  A  piece  of 
the  quartz  foimd  at  that  time  was  worn  as  a  pin  for  many  years 
by  Mr.  Jacob  Houghton,  a  brother  of  the  doctor.  The  notes 
of  this  season's  work  were  lost  in  the  lake  at  the  time  of  Dr. 
Houghton's  death,  but  the  accounts  of  these  explorers  are  con- 
sidered trustworthy,  and  the  discovery  of  the  Ropes  vein  in 
this  same  vicinity  at  a  later  period  is  strong  corroborative 
proof  of  their  truthfulness. 

In  1865  a  gold  boom  was  started  in  Minnesota  The  ore  was 
reported  by  state  geologist  Eames  and  others  to  have  been 
discovered  in  paying  quantity  at  Vermilion  lake,  75  miles 
north  of  Duliith.  A  wagon  road  was  laidout  to  the  new  Eldor- 
ado; new  towns  were  started,  shafts  were  sunk,  and  a  staflip 
mill  was  taken  up  there  and  set  up  on  Trout  river.  The  very 
land  subsequently  found  so  valuable  for  iron  ore,  where  the 
hard  hematite  and  jasper  stood  out  in  bald  knobs,  a  hundred 
feet  high,  was  taken  for  gold  claims.    The  veins,  however. 
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proved  to  contain  more  pyrite  and  pyrrhotite  than  gold;  and 
by  1867  the  country  was  deserted,  iron  deposits  and  all. 

In  1871  gold  ore  was  found  by  Mr.  Peter  McKellar  at  Jack-- 
fish  lake,  near  lake  Shebandowan,  about  70  miles  northwest  of 
Port  Arthur.  It  was  developed  into  the  mine  called  the  "Hur- 
onian,"  and  worked  during  part  of  1864  and  1885.  In  188S  a 
10-stamp  mill  was  erected,  but  was  operated  only  a  short  time, 
owing  to  the  expense  of  getting  supplies  in  so  remote  a  region. 

Another  gold-bearing  quartz  vein  was  found  by  Mr.  Archi- 
bald McKellar,  on  an  island  in  Partridge  lake,  west  of  Lac  des 
Mille  Lacs,  in  1872;  and  in  1875  nuggets  of  gold  were  discov- 
ered by  Mr.  Donald  McKellar  in  a  quartz  vein  at  Victoria  cape, 
on  the  western  side  of  Jackfish  bay,  north  shore  of  lake  Super- 
ior, Nothing  of  importance  was  done  to  develop  either  of 
these  mines. 

Grold  was  found  on  Lake  of  the  Woods  in  1878  or  earlier,  and 
there  has  been  more  or  less  mining  for  the  precious  metal  in 
that  region  ever  since. 

In  1881  Mr.  Julius  Ropes  noticed  gold  in  a  vein  about  six 
miles  northwest  of  the  city  of  Ishpeming.  Regular  mining 
was  begun  here  in  October,  1682,  and  during  the  following 
summer  a  5-stamp  mill  waa  erected.  In  1884  a  25-stamp  mill 
was  completed  and  put  in  operation.  This  is  the  only  genuine 
gold  mine  in  Michigan,  and  its  history  has  not  been  an  enviable 
one. 

In  1865  considerable  excitement  was  caused  by  the  discov 
ery  of  gold  three  miles  west  of  the  Ropes  mine  on  land  belong- 
ing to  the  Lake  Superior  Iron  Mining  company.  Some  beauti- 
ful samples  of  ore  were  obtained,  but  the  average  did  not  war- 
rant the  expenditure  necessary  to  develop  a  mine. 

COKCLUSION. 

In  closing  this  brief  history  attention  should  be  called  to  the 
fact  that  the  majority  of  our  metalllferoiis  belts  were  discov- 
ered by  official  geologists  in  the  performance  of  their  assigned 
duties.  In  many  instances  the  very  ore  deposit  was  found, 
examined,  accurately  located  and  described  with  a  thorough 
appreciation  of  its  value,  a  quarter  of  a  century  or  more  before 
any  advanjtage  was  derived  from  the  information  thus  early 
given  to  the  public. 

Especial  mention  should  also  be  made  of  the  distinguished 
services  rendered  to  the  sciences  of  mining  and  economic  geol- 
ogy by  the  wonderful  man  from  whom  this  beautiful  city  takes 
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its  name.  Dr.  Douglass  Houghtoo  may  be  justly  styled  the 
father  of  mining  on  lake  Superior.  To  his  indomitable  enter- 
prise and  courage  no  less  than  to  his  versatile  and  colossal  in- 
tellect is  due  the  credit  for  the  right  start  which  was  made; 
and  in  many  ways  his  broad-gauged  generous  spirit  is  still  dis- 
cernible in  the  conduct  of  affairs  around  us. 

We  have  attempted  merely  to  mention  the  discovery  of  ooc 
mineral  deposits,  and  not  to  slretch  their  subsequent  develop- 
ment But  it  were  not  becoming  in  me  to  close  without  calling 
attention  to  three  other  classes  of  creditors  to  whom  our  ob- 
ligation is  large.  Our  present  condition  of  prosperity  has  been 
rendered  possible  first,  by  our  brethren  from  Oomwall,  Austria 
and  other  parts  of  Europe  who,  leaving  Uieir  home  surround- 
ings, have  journeyed  to  our  shores  and  devoted  years  of  hard- 
est manual  labor  in  delving  for  Nature's  hidden  treasures. 
Their  lives  have  been  passed  underground,  in  dark  and  often 
dangerous  galleries,  while  the  fruits  of  their  labors  have  been 
largely  reaped  by  others. 

We  are  greatly  indebted  in  the  second  place,  to  the  litteral 
policy  of  our  State  and  National  Government  regarding  tech- 
nical education.  Such  institutions  for  scientific  training  as  the 
one  located  in  this  city  exert  an  incalculable  influence  for  good 
on  the  material  conditions  surrounding  us  as  well  as  on  the 
lives  and  characters  of  our  inhabitants. 

Third  and  finally,  our  obligation  is  great  to  the  mining  en- 
gineers and  superintendents  who  have  planned  and  directed 
the  development  of  these  natural  resources.  In  a  new  country, 
confronted  with  new  problems,  with  unforeseen  dif&culties  con- 
stantly arising,  they  have  met  each  obstacle  as  it  arose,  and 
with  industrial  genius  reaching  almost  to  the  sublime,  have 
snatched  victory  at  times  from  the  very  jaws  of  defeat,  until 
our  mining  industry  stands  as  it  does  to-day — in  many  respects 
■without  a  parallel  on  the  face  of  the  globe. 
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Introduction. 


Before  the  Ice  age  the  northern  part  of  tiie  North  Ameri- 
can continent,  northwestern  Europe,  and  Patagonia,  were  up- 
lifted to  altitudes  far  above  their  present  hight,  as  shown  by 
fjords  and  submarine  continuations  of  river  valleys.  The  cool 
and  snowy  climate  attending  the  culmination  of  the  elevation 
of  these  areas  is  thought  to  have  amassed  the  ice-sheets  by 
which  their  glacial  and  modified  drift  were  formed.  Other 
areas  in  warm  temperate,  tropical,  and  equatorial  latitudes,  as 
portions  of  southwestern  Europe  and  western  Africa,  border- 
ing on  the  Bay  of  Biscay,  the  strait  of  Gibraltar,  and  the  Gulf 
of  Guinea,  extending  south  to  the  Congo  river,  were  also  dif- 
ferentially uplifted  to  a  known  maximum  vertical  extent  of 
6,000  feet,  at  the  mouth  of  the  Congo,  higher  than  now;  but 
the  geographical  position  of  these  areas  forbade  their  envel- 
opment by  land  ice  like  the  far  northern  and  far  southern 
regions  of  these  great  preglacial  epeirogenic  uplifts.* 

Under  the  weight  of  the  ice-sheets  each  of  the  three  great 
drift-bearing  areas,  in  North  America,  Europe,  and  Patagonia, 
sank  from  their  preglacial  altitude,  until  at  the  time  of  de- 
parture of  the  ice  and  deposition  of  its  drift  they  stood  sev- 
eral hundred  feet  lower  than  now,  so  that  their  coasts  were 
partially  submerged  by  the  sea.  From  the  basin  of  lake 
Champlain,  where  marine  fossiliferous  beds  of  modified  drift 
overlying  the  till  were  early  studied  by  E.  and  C.  H.  Hitch- 
cock, the  time  of  this  recession  of  the  ice  and  rapid  forma- 
tion of  its  moraines,  eskers  and  kames,  valley  drift  plains, 
and  deltas,  forming  the  closing  stage  of  the  Glacial  period, 
has  been  named  by  Dana  the  Champlain  epoch. 

Accompanying  the  retreat  of  the  ice,  while  its  burden  was 
being  removed  by  the  gradual  melting  from  south  to  north  in 
the  northern  United  States  and  southern  Canada,  there  ensued 
a  re-elevation  by  which  the  land  was  raised  to  its  present  alti- 
tude or  in  part  somewhat  higher.  The  inclinations  then  given 
to  the  originidly  level  shore  lines  of  the  glacial  lakes  in  the 
basins  of  the  Red  river  of  the  North  and  lake  Winnipeg  and 


The  dynamla  causes  at  epelrogealc  movemenM,  aad  tbalr  relations  Ic 
period  aa  tlie  probable  causes  of  both  Its  beginning  and  and,  are  more  lull, 
in  an  appendix  ot  Wright's  Ice  Age  In  North  Amerlcu,  1886,  pp.  STASOB;  A 
ScIenoB,  111,  TDl.  xl«I,  pp.  114-121,  Aug.,  IdUS;  Oeol.  Magazlae,  IV,  vol.  I 
&ug..  18H. 
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of  the  river  St.  Lawrence  show  that  a  wave  of  permaDent 
epeirogenic  uplift  advanced  from  south  to  north  and  northeast, 
closely  following  the  wiUidrawal  of  the  ice.  In  the  upper  Mis- 
aiBBippi  basin,  on  the  area  of  the  glacial  lake  Agassis,  and 
about  Hudson  bay,  this  differential  uplift  has  varied  from  prob- 
ably 100  feet  or  le^s  near  the  southern  boundary  of  the  drift  to 
500  feet  or  more  upon  the  greater  part  of  that  region.* 

The  Quaternary  era  has  thus  been  distinguished  by  three 
general  epeirogenic  movements  of  large  portions  of  the  earth's 
contiaental  areas,  first,  upward  to  great  altitudes ;  second, 
downward  lower  than  now ;  and  third,  again  upward,  with 
minor  oscillations  of  depression,  giving  the  present  relationg 
of  land  and  sea.  The  sequence  and  wide  extent  of  these  move- 
ments, and  their  significance  as  probable  causes  of  the  accamn- 
lation  and  departure  of  the  ice-sheets,  were  first  pointed  out  by 
Dana.  Later,  the  ice  weight  and  its  removal  were  shown  by 
JamiesoQ  to  have  been  important  factors,  respectively,  in  pro- 
ducing the  Late  Glacial  or  Ohamplain  downward  moTement 
and  the  ensuing  re-elevation.  With  the  more  recent  discoveries 
of  the  great  depths  of  many  submerged  river  channels  on  both 
the  Atlantic  and  Pacific  coasts  of  North  America  and  on  the 
west  side  of  the  eastern  continent,  the  sufficiency  of  the  pre- 
glacial  uplifts  and  resulting  climatic  changes  to  account  for 
the  Pleistocence  ice- sheets  has  been  established.  These 
strangely  unique  conditions,  namely,  great  altitude  of  the 
land  and  accumulation  of  the  ice-sheets,  seem  to  have  been 
contemporaneous,  the  epeirogenic  uplifts  having  been  the 
cause  of  the  glaciation. 

The  purpose  of  the  present  paper  is  to  review  the  Late  Gla- 
cial downward  movement  which  brought  the  Ice  age  to  an  end. 
and  the  closely  ensuing  moderate  uplift  which  attended  the  re- 
cession of  the  ice-sheet,  as  these  movements  affected  the  basin 
of  the  St.  Lawrence  river.  The  accompanying  map  ( Plate  UI) 
shows  the  maximum  area  covered  by  the  ice  in  this  region  and 
approximate  outlines  of  the  glacial  boundary  at  successive 
stages  of  its  retreat,  with  the  formation  of  glacial  lakes,  as 
somewhat  fully  studied  in  this  paper.  We  will  first  note  briefly 
the  means  of  measuring  and  estimating  the  preglacial  altitude. 
A  measure  of  the  greater  part  of  the  Champlain  subsidence  is 
thus  obtained,  to  which  must  be  added  the  extent  of  that  de- 
pression of  the  land  below  its  present  hight.     The  progress 


•Jouroal  ot  Qeologf ,  vol.  II,  pp.  383-t9S.  Hay-Jaae,  UM. 
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of  the  re-elevation  will  be  traced  by  the  differential  uplift- 
ing of  the  old  shore  lines  of  the  successive  glacial  lakes 
which  were  the  precursors  of  the  present  great  Laurentian 
lakes,  and  by  the  limits  of  the  Champlain  marine  submergence- 
Through  these  studies  we  come  to  an  estimate  of  tbe  duration 
of  the  Postglacial  period,  derived  from  the  rate  of  erosion  of 
the  gorge  of  the  Niagara  river  below  its  falls.  Furthermore, 
a  comparison  of  the  Champlain  and  Postglacial  wave  erosion 
and  resulting  beach  deposits  of  lake  Michigan  with  those  of 
lake  Agassiz  during  its  portion  of  the  Ohamplain  epoch  gives 
an  important  clue  concerning  the  time  relationship  of  this  epoch 
to  the  later  uid  earlier  parts  of  Quaternary  time. 

Prbglacial  Elevation  op  North  America. 

The  submerged  channel  and  fjord  of  the  Hudson  river,  con- 
tinuing to  a  distance  of  105  miles  off  the  coast  southeastward 
from  Sandy  Honk,  and  having  a  maximum  sounding  of  2,844 
feet  where  the  ocean  bed  at  each  side  on  the  margin  of  the  sub- 
marine border  of  the  continental  plateau  has  a  depth  of  only 
600  feet,  show  an  uplift  of  the  eastern  side  of  North  America 
at  the  southern  limit  of  the  ice-sheet  and  glacial  drift  to  the 
extent  of  more  than  half  a  mile.  Northward,  the  submerged 
fjord  outlets  of  the  Golf  of  Maine,  the  Gulf  of  St.  Lawrence, 
and  Hudson  bay,  are  reported  by  Spencer,  from  his  examina- 
tion of  the  United  States  Coast  Survey  and  British  Admiralty 
charts,  to  have  depths,  respectively,  of  2,664  feet,  3,666  feet, 
and  2,040  feet  On  the  coast  of  California  Prof.  George  Da- 
vidson, of  the  U.  S.  Coast  Survey,  has  found  numerous  sub- 
merged valleys,  sinking  to  depths  of  2,000  to  3,120  feet  where 
they  cross  the  100-fathom  line  of  the  marginal  plateau.  In  the 
interior  of  the  continent  the  elevation  of  the  northern  part  of 
the  Mississippi  basin  is  thought  by  Prof.  E.  W.  Hilgard,  from 
the  fluvial  transportation  of  Archaean  pebbles  and  cobbles  to 
the  shores  of  the  Gulf  of  Mexico,  to  have  been  4,CX)0  to  5,000 
feet  higher  than  now.  These  observations,  and  the  fjords  of 
all  our  northern  shores,  indicate  a  preglacial  uplift  of  the 
northern  three-fourths  of  North  Americii,  excepting  probably 
Alaska,  which  has  been  glaciated  only  in  the  St.  Elias  region 
and  southeastward,  to  a  vertical  extent  ranging  from  2,000  to 
5,000  feet  or  more  above  the  present  hight. 

During  the  Jura-Cretaceous  and  Tertiary  cycles  of  base- 
leveling,  the  St.  Lawrence,  Mississippi,  Hudson  bay,  and  Mac- 
kenzie drainage  areas  had  been  sculptured  by  stream  erosion 
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to  nearly  their  present  general  surface  features  of  plains,  pla 
teaus,  and  the  Appalachian- Lauren  tide  mountain  belt.  At  the 
end  of  the  Tertiary  and  during  early  Quaternary  time,  the 
greater  part  of  the  continent  appears  to  have  been  bodily  ele- 
vated, with  gentle  marginal  flexare  and  tilting,  so  that  the 
general  contour  remained  unchanged,  while  slopes  of  10  to  20 
feet  or  more  per  mile  were  given  to  the  borders,  largely  now 
submerged,  of  the  uplifted  area.  The  hollows  which  now  con- 
tain the  Laurentian  lakes  were  parts  of  the  Tertiary  river  val- 
leys and  plains,  with  free  descent  to  the  sea.  On  the  south 
this  ancient  Laurentian  river  system  included  some  of  the  head 
streams  of  the  Ohio  river,  as  shown  by  Carll  and  later  writers 
up  to  the  recent  studies  of  Chamberlin  and  Leverett.*  The 
preglacial  uplift  of  the  country,  gradually  raising  Canada  and 
the  northern  border  of  the  United  States  to  a  greater  altitude 
than  the  Ohio  and  Susquehanna  basins,  seems  to  have  turned 
some  of  the  previously  northwardly  flowing  streams  bacli 
toward  the  south.  Tributaries  of  the  Tertiary  river  in  the 
basin  of  lake  Erie  became  affluents  of  the  Ohio;  and  probably 
several  streams  iu  the  valleys  of  the  Finger  lakes,  in  central 
New  York,  were  reversed  from  their  former  course  which  had 
been  north  to  the  river  of  the  lake  Ontario  area,  being  turned 
south  into  the  Susquehanna  for  a  considerable  time  before  the 
maximum  ice  accumulation  and  Ekdvance. 

Late  Glacial  Subsidence. 

From  the  high  continental  elevation  whose  cnlmination  was 
attended  with  the  envelopment  of  an  area  of  4,000,000  square 
miles,  or  half  of  North  America,  beneath*an  ice-sheet  averag- 
ing probably  a  half  or  three- fourths  of  a  mile  thick,  there  en- 
sued a  depression  of  this  area  to  its  present  hight  and  chiefly 
lower.  Throughout  the  areas  of  lake  Agassiz  and  the  SL  Law- 
rence basin,  the  land  is  found  to  have  sunk  several  hundred 
feet  lower  than  now.  In  Maine  and  New  Brunswick,  along  the 
St.  Lawrence  and  Ottawa  valleys,  in  the  basin  of  lake  Cham- 
plain,  and  about  Hudson  bay,  the  extent  of  tfae  subsidence  is 
known,  by  the  marine  submergence  and  its  fossiliferous  beds, 
to  have  ranged  mostly  from  200  to  500  feet  below  the  present 
sea  level;  and  in  northern  Labrador  and  Grinnell  land,  with 
parts  of  western  Greenland,  from  1,000  to  nearly  2,000  feet 

The  preglacial  uplifting  forces  had  been  due  probably  to  the 
gradual  cooling   and  shrinking  of  the  earth  while  mountain- 
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building  by  folds  and  faulting  took  place  too  slowly  to  pennit 
the  crust  to  accommodate  itself,  without  this  deformation,  to 
the  diminishing  inner  mass.  Large  tracts  of  the  continents 
therefore  were  elevated,  in  comparison  with  other  land  a,reas 
and  the  ocean  beds,  since  only  by  these  changes,  tending  to  a 
perpetuation  of  the  continents,  could  a  less  volume  be  enclosed 
by  the  earth's  crust  without  subtraction  from  its  area  through 
the  formation  of  mountain  ranges.  General  permanence  of  the 
continents  and  ocean  basins,  as  taught  by  Dana,  seems  thus  a 
necessary  result  of  the  epeirogenic  movements  required  by  the 
secular  cooling  and  condensation  of  the  globe.  The  growing 
tangential  stress,  however,  aided  by  the  weight  bf  the  ice- 
sheets,  finally  gained  relief  in  extensive  erogenic  crumpling, 
faults,  and  overthrusts,  along  great  mountain  belts,  as  in  the 
Himalayas,  the  Sierra  Nevada,  and  the  St.  Elias  range,  all  of 
which  have  been  much  disturbed  and  increased  in  bight  dur- 
ing the  Pleistocene  period.  The  previously  elevated  lands, 
both  of  drift-bearing  regions  and  within  the  tropics,  then  sank 
to  approximately  an  isostatic  condition,  the  ice-laden  regions 
being  carried  mainly  somewhat  below  their  present  levels. 

On  the  high  surf  ace  of  the  ice-sheets  there  still  reigned  an 
arctic  severity  of  cold.  For  some  time,  as  shown  by  Le  Conte, 
the  snow  and  ice  accummulation  went  on  faster  than  the  sub- 
sidence, causing  the  maxima  of  the  land  depression  and  of  the 
thickness  and  extension  of  the  ice  to  be  nearly  contemporane  - 
ous.  While  the  central  parts  of  the  ice-covered  areas  had  fallen 
probably  four  or  five  thousand  feet  from  their  preglacial  alti- 
tude, the  borders  of  the  ice  were  lowered  apparently  in  general 
about  half  as  much,  thereby  sinking  closely  to  their  present 
level;  and  this  sufiiced  to  turn  the  balance  from  glacial  growth 
to  a  beginning  of  the  final  retreat.  The  summer  heat  and  rains 
OD  the  glacial  boundary,  when  reduced  to  its  present  bight, 
melted  away  the  ice  margin  faster  than  it  could  be  replenished. 
This  process  gradually  extended  iaward,  giving  steep  gradients 
of  the  ice-front,  which  formed  moraines  whenever  a  series  of 
exceptionally  cool  years  and  abundant  snowfall  allowed  any 
pause  or  re-advance.  The  whole  ice-sheet,  through  the  con- 
tinuance of  the  peripheral  melting,  disappeared;  and  mean- 
while the  land  on  which  it  had  lain,  being  unburdened,  was 
moderately  re-elevated,  in  obedience  to  its  law  of  isostasy,  pro- 
portionally with  the  glacial  melting  and  retreat. 
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The  Champlaiu  epoch  was  begun  and  ended,  r^pectively. 
b7  the  downward  and  upward  epeirogenic  movements.  It  com- 
prised the  time  of  departure  of .  the  ice-sheets,  with  manj 
small  and  large  glacial  lakes  temporarily  formed  by  its  reced- 
ing barrier,  and  with  marine  submergence  to  hundreds  of  feet 
above  the  present  shore  lines.  The  Late  Glacial  subsidence 
appears  to  have  been  principally  completed  before  the  time  of 
the  glacial  recession  and  accompanying  deposition  of  the 
lacnstrine  and  marine  beds;  but  the  following  uplift  was  in 
progress,  advancing  as  fast  as  the  ice  receded,  from  the  be- 
ginning to  the  end  of  Obamplain  time.  Indeed,  considerable 
parts  of  the  glaciated  areas  of  North  America  and  Scandinavia 
are  still  undergoing  small  and  slow  oscillatory  movements,  not 
having  yet,  during  the  short  Postglacial  period,  fully  reached 
isostatic  repose. 

Re-elevation  by  a  Wave- like  Epeirogenic  Uplift. 
Both  the  glacial  retreat  and  the  accompanying  re-elevation 
of  the  land  took  place  somewhat  intermittently,  or  by  succes- 
sive steps-  Many  stages  in  the  departure  of  the  ice-sheet  are 
shown  by  its  series  of  partly  parallel  but  often  interlocking 
and  sometimes  overlapping  retreatal  moraines,  which  I  have 
mapped,  to  the  number  of  twelve,  through  Minnesota,  North 
Dakota,  and  Manitoba,  and  of  which  a  larger  number  have 
been  explored  and  mapped  by  Leverett  in  Illinois,  Indiana,  and 
Ohio.  On  Long  Island,  Martha's  Vineyard,  Nantucket,  and 
Cape  Cod,  I  traced  in  1878  the  two  most  southern  moraines  of 
our  Atlantic  seaboard;  and  four  or  five  others  in  New  England 
have  since  been  recognized  through  the  observatious  of  Profs. 
R.  S.  Tarr  and  C.  H.  Hitchcock,  and  of  the  present  writer, 
crossing  Massachusetts,  VermonU  and  New  Hampshire.  These 
moraines  occur  on  the  southern  part  of  the  drift-bearing  area. 
Others  farther  to  the  north  in  Canada  are  described  by  Bell. 
Tyrrell,  and  Low.  It  is  thus  learned  that  the  ice-sheet  in  the 
United  States  and  southern  Canada  gradually  withdrew  from 
south  to  north  and  northeast,  with  occasional  interruptions 
when  it  paused  or  for  a  short  time  re-advanced.  Courses  of 
glacial  stri^  and  transportation  of  boulders  (which  show  the 
direction  of  ice  currents  and  the  opposite  direction  of  recession 
of  the  ice  boundary  at  the  end  of  the  Glacial  period),  reported 
byG.M.  Dawson,  McConnell,  and  the  other  Canadian  observers 
before  named,  in  the  northern  part  of  British  America,  as  in 
the  Mackenzie  basin,  on  the  Telzoa  river,  and  about  Hudson 
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bay  and  strait,  indicate  that  similarly  from  the  Dorth  side  of 
the  contiDental  ice-sheet  its  recessional  melting  advanced  in- 
ward, which  there  was  southward,  to  the  central  parts  of  the 
drift-bearing  region. 

While  the  vast  weight  of  the  ice  was  being  thus  removed,  the 
lake  Agassiz  area  was  being  uplifted,  as  shown  by  its  much 
inclined  highest  and  earliest  beaches,  whereas  the  latest  and 
lowest  beaches  are  nearly  horizontal.  This  uplift  is  found  to 
have  advanced  like  a  wave  from  Minnesota  and  North  Dakota 
northward  through  Manitoba  and  northeast  to  Hudson  bay, 
permanently  elevating  the  country  as  now,  mostly  about  500 
feet  above  the  bight  which  it  held  when  first  uncovered  by 
the  glacial  melting.  Soon  after  the  ice  receded,  and  while  it 
yet  continued  to  be  the  northern  barrier  of  the  decreasing 
glaciaJ  lake,  the  uplift  along  the  whole  extent  of  lake  Agassiz, 
more  than  600  miles  from  south  to  north,  was  practically  com- 
pleted. The  southern  half  of  that  lacustrine  area  was  first 
raised  nearly  to  its  present  hight;  later,  its  northern  half 
was  elevated,  while  the  southern  part  received  only  a  slight 
increase  of  hight;  and  lastly,  the  basin  of  Hudson  bay,  in  the 
center  of  the  glaciated  area  of  North  America,  has  been  raised 
from  its  Champlaiu  marine  submergence  of  300  to  500  feet.* 
Part  of  this  elevation  on  the  shores  of  Hudson  bay  is  shown 
by  Dr.  Robert  Bell  to  have  been  very  recent,- and  it  is  even 
probably  still  in  progress. 

In  like  manner  the  Champlain  history  of  the  Laurentian 
lakes,  and  the  marine  submergence  and  emergence  of  the  St. 
Lawrence,  Ottawa  and  Champlain  valleys,  attest  a  wave-like 
advance  of  the  re-elevating  earth-movement  from  south  to 
north  and  northeast,  and  probably  in  Maine  and  the  eastern 
Canadian  provinces  from  the  coast  northwesterly,  following 
the  recession  of  the  border  of  the  ice-sheet. 

Evidence  from  the  Beaches  of  the  Glacial  Lakes 
IN  THE  St.  Lawrence  basin. 
Well  marked  old  channels  of  outflow  are  found  extending 
southward,  at  the  levels  of  the  deserted  beaches,  from  lake  Agas- 
siz and  from  the  glacial  lakes  which  are  now  represented  by  the 
diminished,  but  still  large,  modern  lakes  Superior,  Michigan, 

■Article  Id  tbe  Journal  otGeologr,  before  cited.  Oeol.  &□<!  Na*.  Hl9t.  Survey  of 
MlDDSaots,  Elghlh  Annual  Reporb,  for  1870,  pp.  St-BO:  ElevenUi  An.  Hep.,  for, 1892.  pp- 
13T-1S3,wltbmap;  Pinal  Report.  vv]h.  land  11.  L'.  S.  OeologlcHl  Survey,  BulletlaSS 
<19B7),  pp.81,  witb  map.  Oeol.  uad  Nat.  Illst.  Survey  of  Can adu.  Annual  Report,  Dew 
series,  vol.  Iv,  for  ISBS-aO,  Part  E.  IM  pages,  with  two  maps  and  several  section^. 
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Huron,  Erie.  Ontario,  aad  CLamplain.  The  outlets  prove  that 
the  great  Pleistocene  tvater  bodies  which  occupied  these  basios 
were  lakes,  not  gulfs  or  arms  of  the  sea;  and  the  differential 
uplifts  of  the  basins,  increasing  toward  the  central  part  of  the 
area  of  the  continental  ice  sheet,  show  that  no  land  barriers, 
but  the  ice  itself  in  its  retreat,  held  in  these  lakes  on  their 
northward  sides. 

The  basin  of  the  St.  Lawrence  during  the  glacial  recession 
held  successively,  and  in  part  contemporaneously,  no  less  ttian 
eight  important  glacial  lakes,  distingnished  by  their  different 
areas,  hights,  and  places  of  outlet.  They  are  named  the  West- 
ern Superior  and  Western  Erie  glacial  lakes;  lake  Warren,  the 
most  extensive,  into  which  the  two  foregoing  were  merged; 
lake  Algonquin,  the  successor  of  lake  Warren  in  the  basins  of 
lakes  Huron,  Michigan,  and  Superior;  lake  Lundy,  the  glacial 
representative  of  lake  Erie;  lake  Iroquois,  in  the  basin  of  lake 
Ontario;  lakeHudson-Champlain;  and  lake  St.  Lawrence,  into 
which  the  two  last  named  became  merged.  The  glacial  lake 
St  Lawrence,  which  is  the  only  one  of  the  series  hitherto  un- 
named, extended  over  the  Ottawa,  Champlain,  and  St  Law- 
rence valleys  previous  to  the  melting  away  of  the  ice  barrier, 
remaining  latest  in  the  vicinity  of  Quebec,  by  which  event  the 
sea.  at  a  lower  level  than  the  former  lake,  was  admitted  to 
these  valleys. 

The  Western  Superior  glacial  lake.*^In  the  west  part  of  the 
basin  of  lake  Superior  the  receding  ice  sheet  held  a  lake  which 
outflowed  southward  through  northwestern  Wisconsin,  across 
the  present  watershed  between. the  Bois  BruliS  and  St.  Groi-t 
rivers.  The  highest  shore  line  of  this  lake  at  Duluth  is  535 
feet  above  lake  Superior  (which  has  a  mean  level  602  feet  above 
the  sea);  on  Mt  Josephine,  about  130  miles  northeast  from 
Duluth,  its  hight,  according  to  leveling  by  Dr.  A.  C.  Lawson.*- 
is  607  feet;  and  at  L'Anse  and  Marquette.  Mich.,  175  and  225 
miles  east  of  Duluth,  It  is  found  by  Mr.  P.  B.  TaylorJ  about 
590  feet  above  the  lake.  The  northeastward  uplift  averages 
seven  inches  per  mile;  and  the  eastward  ascent  is  approxi- 
mately three  inches  per  mile.  The  latest  and  lowest  of  the 
Western  Superior  lake  beaches  observed  at  Duluth,  occupied 

•Proo.  A.  A.  A.  8.,  vol.  xsill,  for  1888.  p.  230.  Oeol.  aod  Nat.  Hist.  Surveyor  MJnat- 
sDta.  Final  Bepart,  vol.   11,  1S88,  p.  U!;  TneDty-Beoond  Aan.  Bep„  forlKB.  pp.  H-M 

(6rBt  use  at  this  Dame).  Bulletin  Oeol.  Soo.  Aid..  Tol.  11, 1S91,  p.  KS.   Am.  Geologist,  to! 
xl.  p.  3ST.  May,  ISBS;  and  vol.  xlv,  p,  83,  July,  ISM. 
-tUlnaeiola  Geol.  Survey,  TiveaUeth   Aud.  Rep.,  for  ISOI.  pp.    m-TSa.  vltli  map  and 
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by  the  "boulevaTd"  or  plet^ure  driveway,  475  feet  above  the 
lake,  on  the  blaffs  back  of  the  city,  appears  to  have  an  ascent 
of  only  about  S5  feet  in  the  distance  to  Mt  Josephine,  showing 
that  the  uplift  of  the  land  was  quite  rapidly  in  progress  while 
the  ice-front  stUl  maintained  the  lake  at  the  St.  Croix  outlet. 
Not  long  after  the  glacial  retreat  passed  eastward  beyond  Mt 
Josephine  and  Marquette,  this  lake  was  lowered  and  merged 
with  lake  Warren  across  the  lowlands,  of  the  northern  penia- 
svUa  of  Michigan.  The  vertical  interval  between  the  final 
stage  of  the  Western  Baperior  lake  and  the  level  of  lake  War- 
ren shown  by  its  earliest  beach  at  Dalath  was  about  60  feet. 
Thenceforward  the  outlet  of  lake  Warren  past  Chicago  carried 
away  the  drainage  from  the  glacial  melting  and  rainfall  of  the 
Saperior  basin. 

The  Weatem  Erie  glacial  lake.' — Outflowing  from  the  south- 
western end  of  the  lake  Erie  basin  by  a  large  abandoned  water- 
course, which  reaches  from  Ft.  Wayne,  Ind.,  where  the  St. 
Joseph's  and  St  Mary's  rivers  unite  to  form  the  Maumee, 
across  the  present  watershed  to  the  Wabash  river,  this  glacial 
lake  formed  two  distinct  beaches,  named  by  N.  H.  Winchell 
the  Van  Wert  and  Leipsic  ridges,  separated  by  a  vertical  inter- 
val of  15  to  20  or  25  feet  The  upper  or  Van  Wert  beach. 
yith  itB  crest  varying  in  altitude  from  200  to  220  feet  above 
lake  Brie  (whose  mean  bight  is  578  feet  above  the  sea),  ex- 
tends about  75  miles  east  bn  Findlay,  Ohio,  and  nearly  an  equal  ' 
fiistance  northeast  past  Bryan,  Ohio,  to  the  vicinity  of  Adrian, 
Mich. ,  if  not  farther.  At  Findlay  the  lake  while  forming  this 
beach,  as  Winchell  and  Leverett  have  shown,  waa  bounded  on 
the  north  by  the  ice-sheet  then  forming  the  Blanchard  moraine. 
The  second  or  Leipsic  beach  of  the  Western  Erie  lake,  rang- 
ing in  hight  from  190  to  210  feet,  runs  from  Ft.  Wayne  east- 
ward 175  miles  to  its  termination,  as  described  by  Leverett,  at 
the  line  of  a  later  moraine  close  southwest  of  Cleveland.  North- 
east and  north  from'  the  old  outlet  the  Leipsic  beach  reaches 

•  O.K.  Gilbert,  Am.  Jour  Sol.,  III.  vol.1,  pp.  33e-»>l,WlUi  map.  Hh;,  1B7I:  OeoloBy 
ot  Ohio,  vol-.l.  UTS,  pp.  OlfMlfia,  with  two  maps.  N.  U.  Wtnohell.  Proc.  A.  A.  A.3..vol. 
xxi,  for  IBTS,  pp.  lTi-179;  Oeolo^y  of  Ohio.  vol.  11,  1671.  pp.  K,  431-133.  etc.  J.  S.  Mew- 
l>erTT,Geok«y  ot  Oblo,  vol.  II,  pp.4A-IU.  with  three  mapg  and  numerous  HectloDB.  E. 
W.  Olujpole.  "Hbe  Lake  Age  In  Ohio,"  TranB.  Qaol.  Boo.  Edlobursh.  1887,  pp.  iS,  with 
tour  maps.  Q.  F,  Wright,  "The  loe  Atte  In  North  Amerloa."  ISSB,  ohapter  x.t  (with  re- 
productlonof  Prof.Claypole'a  maps,  that  ot  lake  Erie-Ontario  being  on  p.  3S5).  J.  W. 
Spencer.  Am.  Joar.  Bol.,  Ill,  vol.  xll,  p,a».  with  map,  Harah,  1901;  Bulletin.  Oeol.Soo. 
Am.,  vol.  ti,  IWl,  pp.  iSMm,  with  map.  Frank  LereTett,Am.  Jour.Sol..  Ill,  vol.  xlilt,  pp. 
%1-2ST,  with  map,  April.  180E.  Wairea  Dpham.  BulletlD,  Oeol.  Soo.  Am.,  vol.  II.  p.SSS: 
HIaaesota  Qeol.  Survey,  TwntT-aecoad  Add. Rep.,  for  1893.  p,  B!  (flrst  use  ot  tbe  name 
mfttrn  Erit  glaelal  laiu). 
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about  165  miles,  past  Adrian  and  Ypsilanti  to  Imlay,  Mich., 
being  nearly  level  to  Ypsilanti,  but  thence  in  the  60  miles  od- 
ward  to  Imlay  having  a  rise  of  about  65  feet,  to  an  altitude 
84d  feet  above  the  sea.  With  the  reoession  of  the  ice-sheet  and 
the  extension  of  this  lake  to  Imlay,  a  lower  outlet  was  opened 
over  the  watershed  between  the  Shiawassee  and  G-rand  rivers 
in  Michigan,  729  feet  above  the  sea  or  148  feet  above  lakes 
Huron  and  Michigan,  where  the  Western  Erie  glacial  lake  be- 
came confluent  with  lake  Warren  and  was  thus  reduced  about 
30  feet,  falling*from  the  Leipsic  or  lower  Western  Brie  beach 
to  the  Belmore  or  earliest  beach  of  lake  Warren  in  the  Erie 
basin. 

Upon  a  large  area,  extending  from  Ft  Wayne  east  to  Cleve- 
land and  northward  to  Ypsilanti  and  Detroit,  the  attitude  or 
general  slopes  and  levels  of  the  land  have  remained  unchanged 
since  the  departure  of  the  ice-sheet,  for  these  earliest  beached 
and  the  lower  beaches  of  lake  Warren  in  the  same  area  are 
still  nearly  horizontal.  The  whole  country  there,  however, 
has  been^uplifted,  without  tilting,  about  110  feet,  after  the  end 
of  the  separate  existence  of  the  Western  Brie  lake,  for  this  is 
the  hight  of  the  Belmore  beach  around  the  west  end  of  lake 
Brie  above  the  highest  and  earliest  beach  of  lake  Warren  at 
Chicago.  A  greater  and  differential  uplift,  with  rapid  tilting 
of  northward  ascent,  was  taking  place  north  and  northeast  of 
.  Detroit  during  the  Belmore  and  lower  stages  of  lake  Warren, 
simultaneous  with  the  uniform  elevation  of  the  Western  Erie 
glacial  lake  area.  Further  we  learn  that  about  half  of  the  up- 
lift of  110  feet  for  this  region  has  occurred  i>efore  the  begin- 
ning of  lake  Algonquin  and  the  date  gf  the  Algonquin  beach, 
since  that  beach  has  a  hight  of  60S  feet  near  the  south  end  of 
lake  Huron,  being  60  feet  higher  than  the  correlative  subla- 
custrine  terrace  plane  beneath  the  surface  of  lake  Michigan 
near  Chicago,  which  marks  the  old  Algonquin  shore  there. 

Lake  Warren.* — Like  the  Western  Superior  and  Western  Erie 
glacial  lakes,  the  far  more  extensive  lake  Warren  at  the  be- 
ginning of  its  existence  occupied  only  the  southern  end  of  the 

*J.  W.  Spencer,  Sotence,  vol.  xl,  p. «,  Jan.  !T.  1888  (proposiog  tbls  aaiai  In  honor  of 
Gen.  G.  K.  Warren);  Proc.  A.  A.  A.  S.,  vol.  xxxvll.  lor  1888.  pp.  IBT-MW;  Trans.  Boj. 
Soc.  of  Canada,  vol.  vji,  for  1888.  sec.  iv,  p.  US;  Am.  Jour.  Bel.,  Ill,  vol.  ill,  pp.  SOI-SIl, 
with  map.  March.  ISOl;  Bulletin,  Qeol.  Soo.  Am.,  vol-  11,  pp.  US-ITO.  «Ub  map,  Aprtl. 
I8ai;  "A  Review  of  the  History  of  the  Great  Lakoa,"  Am.  Geologist,  vol.  xlv,  pp.  3«- 
301,  Nov.,  IBM  (containing  citations  of  many  additional  papers  b;  Prof.  Speooer  and 
others).  G.  K.  Gilbert,  "OhangeH  of  Level  of  the  Great  LaltBS,"  In  The  Forum,  vol.  v. 
pp.41T-*28,  June,  1888;  "History  of  tbe  Niagara  Klier,"  In  Slitb  Annual  Report  ot  llic 
Commissioners  of  the  State  Keaervatlon  at  Niagara,  for  1880.  pp.  U-SI.  with  elglit 
plat«s  (also  In  the.Smithsonlan  An.  Rep.  for  1800.  pp.  331-397);  Geology  of  Ohio.  vols.  1 
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basin  of  lake  Michigan.  lb  grew  northward  as  the  ice-sheet 
retired,  and  in  due  time  it  received  these  two  lakes  to  itself, 
expanding  thns  into  the  basin  sof  lakes  Superior,  Huron,  and 
Erie.  The  mazimum  development  of  lake  Warren  stretched 
from  Thomson,  Minn.,  above  and  west  of  Duluth,  eastward 
to  lake  Nipissing,  a  distance  of  nearly  300  miles;  and  from 
Chicago,  where  it  outflowed  to  the  Des  Plaines,  Illinois,  and 
Mississippi  rivers,  it  extended  eastward  in  its  highest  stages 
across  the  southern  peninsula  of  Michigan,  and  later  by  way 
of  the  strait  of  Mackinaw  and  over  lakes  Huron,  St.  Clair,  and 
Elrie,  to  the  west  end  of  the  lake  Ontario  basin  and  to  Critten- 
den in  southwestern  New  York.  This  area  exceeded  100,000 
squEHre  miles,  being  nearly  equal  to  the  glacial  lake  Agassiz. 
The  Belmore  and  Nelson  beaches,  the  two  highest  formed  by 
lake  Warren  in  the  basins  of  lakes  Erie,  Huron,  and  Superior, 
called  by  Spencer  the  Ridgeway  beach  (a  later  name  than  N. 
H.  Winchell's  "Belmore  ridge")  in  their  united  course  alx)ut 
the  west  half  of  lake  Erie,  show  that,  since  the  fullest  expan- 
sion of  this  great  glacial  lake,  the  whole  basin  of  lake  Superior 
and  the  country  eastward  to  lake  Nipissing  have  been  uplifted 
400  to  550  or  600  feet,  in  compariBon  with  Chicago  and  the 
southern  part  of  the  lake  Michigan  basin,  while  the  uplift  at 
Cleveland  has  been  about  115  feet,  and  at  Crittenden,  N.  Y., 
not  leas  than  260  feet  {more  probably  about  800  feet). 

In  the  vicinity  of  Chicago,  lake  Warren  formed  three 
beaches,  belonging  to  lake  levels  successively  about  45  to  50 
feet,  15  feet,  and  30  feet  above  lake  Michigan.    That  the  beach 

and  11.  Frank  LereTett,  paper  before  deed;  "Raited  Beachea  of  Lake  Mlcblgan," 
Trans.  WlH»DB[n  Academ;  ot  Sctenoes.  Arts,  and  Lettere,  toI.  vll,  pp.  17T-ll)3  ( read 
D«C.  30,  IB8T).  A.  O.  Lavson.  "Sketch  of  the  Oo&xCal  TopoRrapy  of  the  North  Side  Ot 
Lake  Superior,  with  Spsolal  Reference  to  the  Abandoned  Strands  of  Lake  Warren," 
Minnesota  Oaol.  Survey.  Twentieth  An.  Bep..  for  IWl,  pp.  131-289.  with  map,  proSles. 
and  Sgurea  from  photographs.  Y.  B.  Taylor,  Am.  Jour.  Sol..  TIT,  vol.  xlMl,  pp.  210-218. 
March,  1802  IMacblnac  Island);  Bulletin  Oeoi.  Soa.  Am.,  vol.  r.  pp.  tSO-tOa.  with  maps, 
Aprll.'I8e4(lakeNlplsalDg):  Am.  Oeologtat.  vol.  xlil,  pp.  SIB-SZTlOreeo  bay)  and  365-3B3 
(south  coast  of  lake  Superior),  with  maps.  May  and  June,  IWS:  Id  .  vol.  ilv.  pp.  ?ri-S80 
(eastof  Qeorglaa  bay),  with  map,  Nov..  ISM.  The  highest  beaota  on  Mitckloac  Island, 
which  Mr.  Taylor  oalla  the  "AlsaoqulD  beach."  Beems  to  be  correlative  nHh  hl9  Nel- 
son and  higher  beaoheB  In  the  violulty  of  lake  NIplJSlog,  regarded  in  this  paper  as 
marking  the  early  high  stages  ot  lake  Warren.  0.  Whittlesey.  Smlthsoalan  Oontrlbu- 
tloDs.  vol.  XV,  1S6I.  pp.  nSi.  E.  Andrews,  "Tbe  North  American  Lakes  cousldorod  as 
Ohronomelera  of  Postglacial  Time,"  TraoB.  Obloago  Academy  of  Bcionces.  vol.  II. 
Nearly  all  the  edition  of  this  Important  paper  was  coDsumed  In  the  Chicago  Are  of 
ISTl.  It  is  quite  tully  reproduced  by  James  O.  Southall  In  "Tbe  Becent  Origin  ot 
Han,"IS75,chBptorxx]iimpp.4»'905.wltb  sections):  and  In  "The  Epoch  of  the  Mam- 
moth and  the  Apparition  ot  Han  upon  the  Earth,"  IBT8.  chapter  xiil  [pp.  3IS-3aT.  with 
Motions).  N.  n.  Wlnchell,  J.  8.  Kewbcrry.  E.  W.  Claypole.  and  O.  f.  Wright,  as  before 
cited.  Oaol. Survey  otOanada,ReportotProgres9tolSej,pp.ei!,ai3.  Warren  tTpham, 
Balletin  Oeol.  Soc.  Am.,  vol.  II.  pp.  S5a-2aS;  vol.  ill.  pp.  IB1-Ifl7;  Geology  ot  Ulunesota. 
Twenty-second  An.  Rep.,  tor  180^1,  as  before  oit«d:  Am.  Oeologlst,  vol.  Xlv.  pp.  (S-K, 
July.  1S9I. 
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at  SO  feet  was  formed  after  that  at  15  feet  is  shown  by  the 
occurrence  in  some  places  of  a  peat  deposit,  described  by 
Andrews  and  Leverett,  which  passes  underneath  the  SO  feet 
beach  and  is  continuous  from  its  apper  side  down  to  the  lower 
beach.  The  peat  marlES  a  land  burface  over  which  the  lake 
rose  to  form  the  middle  or  third  beach,  after  having  stood  at 
the  lower  or  second  beach  for  some  time.  Still  later,  however, 
it  probably' again  stood  at  the  lower  level,  corresponding  to 
the  present  watershed  in  the  abandoned  outlet.  This  old 
channel  of  outflow,  at  its  summit,  as  I  am  informed  by  Mr. 
Ossian  Guthrie  from  the  canal  survey,  is  now  11  feet  above 
the  mean  level  of  lake  Michigan,  but  the  surface  there  is  post- 
glacial silt;  at  another  point,  where  the  chancel  bed  coi^ists 
of  till,  and  at  a  third  place  where  the  bed  is  rock,  its  bight  ia 
each  case  is  only  eight  feet  above  the  present  lake,  or  S90  feet 
above  the  sea.  The  month  of  lake  Warren  appears  to  have 
been  at  first  near  Lemont,  on  the  Des  Plaines  river,  about  25 
miles  from  the  lake,  where  the  river  valley  was  obstructed  by 
drift  which  suffered  erosion,-  allowing  the  mouth  of  the  lake  to 
be -transferred  gradually  upstream,  at  the  same  time  being 
lowered  to  its  final  position  ten  miles  from  the  lake  shore  in 
Chicago.  Epeirogenic  movements,  between  the  times  of  form- 
ation of  the  second  and  third  beaches,  slightly  lifted  the  outlet 
and  adjacent  portion  of  the  course  of  the  Des  Plaines  river,  as 
compared  with  the  southern  and  southwestern  part  of  the  lake 
Michigan  basin,  causing  the  old  lake  to  extend  a  little  farther 
on  that  side  than  before.  Toward  the  north  and  east,  how- 
ever, this  change  was  doubtless  more  than  counteracted  by 
the  rapid  differential  rise  of  the  land. 

Fresh-water  shells  are  found  abundant  in  the  15  feet  beach 
at  Evanston  and  elsewhere  southward  through  Chicago.  All 
the  species  obtained,  representing  t«n  or  more  genera,  are 
still  living  in  this  region.  Wood  of  oak  and  cedar,  and  the 
thigh  bone  of  a  deer,  have  been  also  found  in  the  same  beach 
at  Evanston.* 

For  the  distance  of  about  186  miles  from  Chicago  north  to 
the  south  end  of  Green  bay,  the  highest  shore  of  lake  Warren 
appears  to  be  now  nearly  level,  for  Mr.  Taylor  finds  evidence 
of  submergence  only  to  a  hight  of  some  20  feet  al>ove  that  part 
of  Green  bay  and  the  neighboring  lake  shore.  Thence  north- 
ward, however,  the  beach  rises  about  1.4  feet  per  mile  for  110 
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miles  to  Cook's  Mill,  near  the  north  end  of  this  bay;  in  60 
miles  from  that  latitude  north  to  Houghton,  it  has  an  asoent  of 
SOOfeet,  or  4^  feet  per  mile;  bat  in  about  90  miles  onward, 
across  lake  Superior  to  Kaministiquia,  where  the  shore  is  455 
feet  above  that  lake,  the  rate  of  northward  asoent  is  reduced 
to  only  a  half  of  a  foot  per  mile, 

Along  a  west  to  east  course,  the  Nelson  beach  (named  by 
Taylor  in  the  vicinity  of  North  Bay,  lake  Nipissing,  probably 
not  distinct  from  the  Belmore  beach  in  Ohio  and  northward  to 
Mackinac  island)  is  885  feet  above  lake  Superior  at  Duluth; 
410  feet  at  Honghtos,  having  an  eastward  ascent  of  25  feet  in 
150  miles;  414  feet  at  the  Sault  Ste.  Marie,  running  level  for 
200  miles  east  from  Houghton;  and  about  588  feet  at  the  north 
side  of  lake  Nipissing,  or  497  feet  above  that  lake,  and  1,140 
feet  above  the  sea.  In  the  distance  of  220  miles  from  Saolt  Ste. 
Marie  to  lake  Nipissing  this  beach  now  shows  an  ascent  of 
124  feet,  or  about  seven  inches  per  mile.  These  figures,  with 
the  preceding  from-  Houghton  to .  the  north  side  of  lake  Su- 
perioi,'jfiafify-tpJa  remarkable  degree  Dr.  Lvicison'a- opinion  :,  ^/ 
■that  *6e''»feoteatS  sfere.  Unes  of,liik6  ."WatTeh  in  'tlje  "Superior  ..  , 
basin  fSm^in  parallel  with  the  water  level  of  to-day. '  As  (Com- 
pared with  Chicago,  the  country  enclosing  lake  Superior  has 
been  uplifted  400  to  450  feet;  and  the  greater  part  of  the  dif< 
ferential  elevation,  expressed  by  tilting,  took  place  upon  the 
west  to  east  belt  of  the  northern  peninsula  of  Michigan. 

Three  beaches  of  lake  Warren  are  mapped'  by  Spencer  and 
named  the  Ridgeway,  Arkona,  and  Forest  beaches  in  Ohio, 
southe^tftera  Michigan,  and  the  province  of  Ontario  north  of 
lake  Erie.  These  probably  represent  the  three  noted  at 
Chicago  and  about  the  south  part  of  lake  Michigan.  Farther 
north  the  number  of  distinct  shore  lines  is  much  increased. 
In  and  near  Duluth  I  find  eight  beaches  referable  to  lake 
Warren,  the  lowest  being  50  feet  above  lake  Superior.  On 
northern  portions  of  the  lake  Superior  coast  several  of  these 
seem,  as  shown  by  Larson's  observations  with  leveling,  to  be 
each  represented  by  two  or  more  shores,  separated  by  vertical 
intervals  of  10  feet  or  more.  Most  of  the  northern  beaches, 
it  should  be  remarked,  are  very  feebly  developed,  even  in  the 
most  favorable  situations  for  their  formation,  and  are  not  dis- 
cernible along  the  far  greater  part  of  the  lake  borders.  Dur- 
ing all  the  time  of  difEerential  uplifting  of  the  lake  Warren 
basin  and  sinking  of  the  water  surface,  whenever  the  diminish- 
ing lacustrine  area  was  nearly  unchanged  for  a  few  years  or 
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longer,  the  erosion  and  deposition  effected  by  the  great  waves 
of  storms,  and  the  tribute  of  streams  forming  deltas,  recorded 
these  shorl  lines.* 

Lake  Algonguin.\ — When  the  glacial  melting  and  retreat  at 
length  permitted  an  outflow  from  the  St.  Lawrence  basin  over 
a  lower  pass,  which  was*  through  central  New  York  to  the 
Mohawk  and  Hudson,  the  water  surface  of  the  basins  of  lakes 
Michigan,  Huron,  and  Superior,  fell  only  some  50  or  75  feet, 
from  the  latest  and  lowest  stage  of  lake  Warren  to  its  short- 
lived successor,  lake  Algonquin.  This  lake  appears  to  have 
been  ice-dammed  only  at  low  places  on  Its  east  end,  as  at  or 
near  the  heads  of  the  Trent  and  Mattawa  rivers,  lying  respect- 
ively east  of  lakes  Simcoe  and  Nipissing,  where  otherwise  its 
waters  must  have  been  somewhat  further  lowered  to  outflow 
by  these  passes.  Careful  study  and  comparison  of  the  work  of 
Spencer  in  tracing  the  Algonquin  beach  about  the  southern 
part  of  lake  Huron  and  Georgian  bay,  and  of  Taylor  in  ex- 
plpration  of  his  "Nipissing  beach"  from  Duluth  east  along  the 
south  coast  of  lake  Superior  and  the  north  side  of  lake  Huron 
and  Georgian  bay  to  lake  Nipissing,  convince  me  that  these 
beaches  were  of  contemporaneous  formation,  marking  respect- 
ively the  southern  and  northern  shores  of  lake  Algonquin,  and 
therefore  both  to  be  known  by  the  name  Algonquin  beach  of 
Spencer,  according  to  the  law  of  priority.  The  earliest  and 
principal  stage  of  lake  Algonquin  is  shown  by  these  beaches 
to  have  coincided  closely  in  area  with  lakes  Michigan  and 
Superior,  but  to  have  been  considerably  more  extensive  east- 
ward than  the  present  lake  Huron  and  Georgian  bay.  It  held 
a  level  which  now  by  subsequent  differential  epeirogenic  move- 
ments is  left  probably  wholly  below  the  level  of  lake  Michigan 
by  a  vertical  amount  ranging  from  almost  nothing  to  about  40 
feet  Its  shores  were  nearly  coincident  with  the  western  shore 
of  lake  Huron,  but  eastward  they  are  now  elevated  mostly  150 

•Prof.  Spencer,  In  h[s  latest  paper  (-A  Eevlow  of  the  Hlator;  o(  the  Oreat  Lites." 
Am.  0«OlagliC,  vol.  ijv,  pp.  2H.  301,  Kot„  IWI),  supposes  tbnt  hd  outflow  from  ItVt* 
Superior.  Huron.  UlchlKan,  and  Erie,  passed  by  Uie  way  of  OhloBgO  to  the  Dm 
Plaloes  and  UUslsslppl  rivers  bo  lately  as  about  l.SOD  ;eara  ago.  when  the  Kltfi>~,> 
rl*«r  had  out  baok  Its  gorge  to  tbo  Johnson  ridse,  about  a  mile  north  o(  tliB  prweni 
site  ot  the  iBllB.  This  would  have  tormed  a  beach  10  to  19  teet  above  lakes  UlcbUin 
anHHuroa,  and  about  20  to  23  feet  above  lalce  Erie,  around  all  their  sherea;  snd  Ibe 
ikbseoce  ot  sucb  a  modern  and  stUl  horizontal  shore  line,  slightly  higher  tbao  Ilie 
present  lake  levels  upon  all  th<»  large  area,  torbldg  an  acceptaace  ot  this  hypOlliKl^ 

-^J.  W,  Spencer,  '-Deformation  □(  the  AlgooqulD  Beach,  and  Birth  ot  Lake  Buroo" 
Am.  Jour,  Sol.,  Ill,  vol,  xli.  pp.  li-21.  with  map,  Jan..  1891;  and  other  papers  twCore 
cited.  G.  K.  Gilbert,  P.  B.  Taylor,  aud  Warreu  Dpham,  as  before  altad  for  iahe  Wsr- 
ren.  G.  P.  WrIght,Bu]letlnOeol.8oc.  Am,,  vol.  Iv.  pp.  423-5;  with  ensuing  discuss™ 
by  Dr.  Robert  Boll.  pp.  426-1, 
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to  200  feet  above  that  lake  and  Georgian  bay;  aod  in  the  lake 
Superior  basin  they  vary  from  about  50  feet  above  lake  Su- 
perior at  its  moath,  aad  along  its  northeastern  and  northern 
shores,  to  25  feet  at  Houghton,  and  to  a  few  feet  or  none  at 
Dulnth. 

The  Algonqain  beach  at  the  south  end  of  lake  Huron  coin- 
cides vary  closely  with  the  land  surface  there  and  with  the 
present  St.  Clair  and  Detroit  rivers,  by  which  the  earliest  out- 
flow of  the  old  glacial  lake  probably  passed  southward  and 
thence  ran  east  as  a  glacial  River  Erie,  at  first  tributary  to  lake 
Lundy.  As  soon  as  that  very  briefly  existing  glacial  lake  was 
drained  away,  the  river  followed  the  lowest  part  of  the  shallow 
bed  of  the  present  lake  Erie  along  all  its  extent,  which  then 
had  an  eastward  descent  of  probably  200  feet,  allowing  no  lake 
or  only  a  very  small  one  to  exist  in  the  deepest  depression  of 
the  basin;  and  north  of  Buffalo  it  coincided  with  the  course  of 
the  Niagara  river. 

Gilbert,  Wright,  and  Spencer,  have  thought  that  for  a  long 
time  the  oatfiow  of  the  three  great  lakes  above  lake  Erie  passed 
by  the  way  of  lake  Nipissing  to  the  Mattawa  and  Ottawa  riv- 
ers It  seems  to  me  far  more  probable,  however,  that  the 
epeirogenic  uplift  of  the  Nipissing  region,  which  had  elevated 
it  already  about  400  feet  during  the  existence  of  lake  Warren, 
continued  so  fast  that  both  the  Trent  and  Nipissing-Mattawa 
passes  were  raised  the  additional  50  feet  needed  to  place  them 
above  the  level  of  lake  Algonquin  before  the  glacial  retreat  un- 
covered the  country  east  of  them  so  that  outlets  could  be  ob- 
tained there. 

With  the  continuance  of  the  uplift  of  the  lake  Superior  basin 
after  the  formation  of  the  Algonquin  beach,  the  mouth  of  lake 
Superior  and  the  Sault  Ste.  Marie  came  into  existence;  and  this 
movement  allowed  the  lake  level  at  Daluth  to  fall  probably  40 
or  50  feet  beneath  the  Algonquin  and  present  shore  line.  Sub- 
sequent difEerential  elevation  of  the  eastern  and  northern  parts 
of  the  basin,  as  compared  with  Duluth,  has  again  brought  the 
west  end  of  the  lake  up  to  the  Algonquin  shore,  but  not  until 
the  St.  Louis  river,  while  the  water  surface  stood  considerably 
lower  than  now,  had  deeply  eroded  its  broad  channel  through 
the  very  gently  sloping  expanse  of  till  from  Fond  du  Lac  to 
the  harbor  of  Duluth  and  Superior. 

The  differential  uplift  of  the  Algonquin  beach,  as  compared 
with  Chicago  and  the  previous  mouth  of  lake  Warren,  has  been 
about  60  feet  near  the  mouth  of    lake  Huron  and  at  Duluth; 

Digitized  byCOOgIC 


172  TWENTY-THIRD  ANNUAL  REPORT 

110  feet  at  the  mouth  of  lake  Superior;  200  feet  at  lake  Nipis- 
slog;  and  240  to  290  feet  at  Barrie,  LomevUle,  and  Orillia,  on 
lake  Simcoe.  A  broad  lobe  of  the  waning  ice-sheet,  terminat- 
ing on  the  highland  area  between  the  south  end  of  Georgiui 
bay  and  the  west  end  of  lake  Ontario,  appears  to  have  delayed 
the  elevation  of  that  district,  so  that  subsequent  to  the  forma- 
tion of  the  Algonquin  beach  more  uplifting  took  place  there 
than  at  the  north  side  of  Georgian  bay  and  aboat  lake  Kipis- 
8ing.  The  ascent  of  the  Algonqnin  beach  in  nearly  200  miles 
from  the  mouth  of  lake  Huron  northeasterly  to  lake  Simcoe 
averages  about  a  foot  per  mile;  and  thence  in  about  1S5  miles 
north  to  lake  Nipissiag  it  descends  at  an  average  rate  of  aboat 
eight  inches  per  mile. 

While  the  eastern  part  of  the  lake  Algonquin  area  was  being 
much  uplifted,  with  the  formation  of  other  beaches  below  the 
first,  probably  the  southern  part  of  the  lake  Michigan  basin 
remained  with  a  very  slight  change  of  attitude  or  none,  having 
previously  risen  to  approximately  its  present  hight,  which  it 
has  since  held  with  little  or  no  change.  But  the  northeast^ 
ward  elevation,  raising  the  country  where  lake  Algonquin  and 
now  lake  Huron  have  outflowed,  gradually  caused  the  water 
level  at  Chicago  to  rise  some  40  feet  above  its  old  Algonqniu 
level,  which  is  shown  by  a  sublacustrine  terrace  formed  by  the 
Algonquin  erosion  and  beach  accumulation. 

On  the  Saugeen  river,  Ontario,  and  near  the  south  end  of 
Georgian  bay,  fresh-water  shells  are  found  in  t>eds  belon^ng 
to  stages  of  lake  Algonquin  respectively  about  40  and  100  feet 
below  the  main  and  earliest  Algonquin  beach,  or  90  and  78  feet 
above  the  present  lake  and  bay. 

Lake  Lundy* — From  the  Forest  beach  at  Crittenden,  Erie 
<x>unty,  N.  Y.,  marking  the  latest  level  of  lake  Warren,  there  is 
a  descent  of  125  feet  between  860  and  735  feet  above  the  sea  to 
the  earliest  strand  of  the  glacial  lake  Lundy,  which  for  a  time 
occupied  the  northeastern  three-fourths  of  the  lake  Erie  basin. 
A  more  conspicuous  principal  Lundy  beach,  30  ft>et  lower,  on 
which  is  the  "ridge  road"  named  Lundy  lane,  near  Niagara 
Falls,  has  an  eastward  ascent  of  30  feet  in  about  40  miles  from 
FoDt-hill,  Ont.,  to  Akron,  N.  Y.,  Ave  miles  north  of  Crittenden. 
Lake  Lundy  opened  through  a  strait  about  30  miles  wide  into 
the  lake  Ontario  basin,  its  outfldw  passed  eastward,  across  the 
country  close  north  of  the  Finger  lakes,   to  the  Mohawk  and 
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Hudson  valleys,  still  partly  filled  by  the  receding  ice-sheet  and 
permitting  a  series  of  mouths  of  lake  Lundy  to  be  found  at  suc- 
cessively lower  levels,  until  as  the  ice-border  withdrew  the 
water  soon  sank  to  the  lowest  point  of  the  Ontario-Mohawk 
watershed  at  Rome,  N.  Y.,  where  its  level  long  remained,  funn- 
ing the  Iroquois  beach.  One  of  the  stages  of  the  sinking  lake 
Liundy  or  incipient  lake  Iroquois,  probably  nearly  midway  in 
altitude  between  the  Lundy  and  Iroquois  beaches,  X  find  to  be 
indicated  by  my  studies  of  eskers  in  Rochester  and  Pitts- 
ford,  N.  Y.» 

Lake  Troqvois]— This  glacial  lake,  overflowing  at  Gome  to 
the  Mohawk  and  Hudson,  occupied  less  area  in  the  west  part 
of  the  lake  Ontario  basin  during  its  earliest  stage  than  during' 
the  later  and  probably  longer  enduring  lake  stage  by  which 
the  high  Iroquois  beach  in  that  region  was  formed.  Previous 
to  Ihe  date  of  the  western  development  of  the  Iroquois  beach, 
the  early  water  level  stood  atone  time  only  a  little  higher  than 
the  present  lake  Ontario  at  Toronto  and  Scarboro  Hights,  6  to 
16  miles  east  of  Toronto,  as  compared  with  the  altitude,  doubt- 
less absolutely  lower  than  now  with  regard  to  the  sea,  which 
the  land  then  held  in  that  part  of  the  iake  basin.  This  is 
shown  by  the  occurrence  of  fossil  fresh-water  mollusks  of 
fourteen  species,  and  wood  of  ash,  oak,  and  American  yew,  in 
beds  at  Toronto,  described  by  Coleman,  which  now  are  33  to 
51  feet  above  lake  Ontario,  or  280  to  298  feet  above  the  sea. 
All  the  moUusk  species  are  now  living;,but  four  are  restricted, 
so  far  as  known,  to  waters  tributary  to  the  Mississippi.  A 
boulder-bearing  surface  deposit  above  these  beds  proves  that 
the  front  of  the  ice-sheet  was  not  far  distant;  but  the  climatic 
conditions  of  that  time,  clearly  indicated  by  the  fauna  and 
flora,  were  as  mild  as  ntiw.  There  next  ensued,  probably,  a 
gradual  rise  of  the  lake,  due  to  an  uplifting  of  the  country 
about  its  outlet  at  Rome,  until  it  stood  at  the  level  of  the  well 

*ProceedlagB  o(  the  Rocheater  Acodeuy  ol  Sclenoe,  vol.  ii,  pp.  16S-IM.  Jan.,  IfU. 

-^J.  W.  Spencer,  "rhe  Deformation  of  the  Iroquois  Bench  and  Birth  of  li*ke  On- 
isrlo,"  Am.  Jour,  aul.,  III.  toI.  il.  pp.  U3-UI.  with  map,  Dec..  1880;  and  papers 
p re Tlously  cited.  ThomagRoy  (In  paper  by  Sir  Oharlea  Lyell),  Prooeedlugs  Qeol. 
Soc.,  London,  tdI.  II,  183T,  pp.  S3T.  538.  Sir  Oharloi  Lyell,  Travels  In  N.  A.,  In  IB41-i2. 
vol.  11.  chapter  xx.  E.  J.  Obapmaa,  Oiuadlan  JourD.il,  new  aerla-t,  vol.  v1,  1861,  pp. 
22l-22»,  and  407.  488.  Sandford  »>lemlnit.  Oan.  Jour.,  same  vol.  v!,  pp.  24T-K3. 
George  J.  HInde.  Can.  Jonr.,  vol.'  xv.  1ST7,  pp.  388-413.  A.  P.  Ooleman,  Am.  Geologist, 
vol.  xlll.  pp.  Se-QB.  Feb.,  1S9I.  Geol.  Survey  of  Canada,  Iteport  of  Progress  to  ieS3.pp. 
U12.9IB.  JameaHalLOeolottfof  New  York,  Part  Iv,  1S13,  pp.  348-351.  Baron  Qerard 
deOeer,  "On  Pleistocene  Changes  of  Level  In  eastern  North  America."  Proa.  Boston 
Hoc.  Nat.  Hist.,  vol.  iiv,  1802.  pp.  4M-47r,  with  map:  also  (excepting  the  map)  In  Am. 
Cieologlst.  vol.  il,  pp.  22-44,  Jan.,  1S93.  O.  K.  Gilbert,  F.  B.  Taylor.  E.  W.  Claypole,  U. 
f.  Wright,  and  Warren  Uphani,  us  cited  tor  lakes  Warren  and  AlKoniialn. 
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defined  Iroquois  beach,  which  has  a  hight  at  Toronto  of  about 
200  feet  above  lake  Ontario.  Thick  fossiliferous  delta  deposits 
had  been,  meanwhile,  brought  into  the  north  edge  of  the  lake 
at  Toronto  and  several  miles  eastward  along  the  lake-cliff  sec- 
tion of  Scarboro  Hights,  desci-ibedby  Hinds;  and  repeated  re- 
advances  of  the  ice-front,  one  during,  and  another  after,  the 
delta  accumulation,  formed,  at  the  locality  last  noted,  two  de- 
posits of  till  or  boulder-clay. 

In  a  limited  sense  the  Toronto  and  Scarboro  fossils  may  be 
called  Interglacial,  since  they  lie  between  deposits  of  glacial 
drift;  but  they  seem  better  referred  to  moderate  oscillations 
of  the  ice  boundary  than  to  the  distinct  glacial  epochs  which 
Coleman  and  Hinde  infer  from  them.  Both  these  beds  and 
the  richly  fossiliferous  Leda  clays,  which  last  overlie  the  latest 
glacial  drift  in  the  St.  Lawrence,  Ottawa,  and  Champltun 
valleys,  may  be  referred  to  the  closing  stage  or  Champlsin 
epoch  of  the  Ice  age;  and  they  both  testify,  like  the  partially 
forest- covered  Malaspina  ice-sheet  in  Alaska,  of  the  close 
sequence  of  a  warm  climate,  with  luxuriant  plant  and  animal 
life,  during  and  immediately  after  the  recession  of  the  ice- 
sheet.  The  transition  from  the  Glacial  to  the  Champlais 
climate  seems  readily  explained  by  the  epeirogenic  depression 
which  ended  the  Glacial  period.* 

The  bight  of  lake  Ontario  is  247  feet;  and  that  of  the  old 
Iroquois  outlet  crossing  the  water-shed  at  Rome  is  440  feet. 
atx>ve  the  sea  level.  Thence  the  Iroquois  beach  in  its  course 
northward  adjacent  to  tbe  eastern  end  of  lake  Ontario  has  a 
gradual  ascent,  determined  from  leveling  by  Mr.  G.  K.  Gilbert 
and  the  present  writer,  of  about  five  feet  per  mile  along  a  dis- 
tance of  55  miles  to  the  latitude  of  Watertown,  where  the 
highest  beach  is-730  feet  above  the  sea,  showing  that  a  differ- 
ential uplift  of  about  290  feet  has  taken  place,  in  comparison 
with  the  Rome  outlet.  From  Rome  westward  to  Rochester, 
the  beach  has  nearly  the  same  hight  with  the  outlet;  but 
farther  westward  it  descends  to  385  feet  above  the  sea  at 
Lewiston  and  363  feet  at  Hamilton,  at  the  western  end  of  lake 
Ontario.  Continuing  along  the  beach  north  of  the  lake,  tbe 
same  elevation  as  the  Rome  outlet  is  reached  near  Toronto, 
and  thence  east-northeastward  an  uplift  is  found,  according  to 
Spencer's  leveling,  similar  to  that  before  described  east  of  the 
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lake,  its  amonut  near  Trenton  and  Belleville  above  Rome  bein^ 
about  240  feet  It  is  to  be  added  that  uorthward  from  Rome 
the  Iroquois  beach  becomes  divided  into  a  series  of  distinct 
beaches,  marking  stages  in  the  northeastward  rise  of  the  land 
and  having  near  Watertown  a  vertical  range  of  80  feet  below 
the  highest  and  oldest,  which  was  before  not«di  and  that  west- 
ward a  similar  series  of  straud  lines  also  lies  below  the  high- 
est, likewise  before  noted,  which  there,  however,  contrary  to 
the  order  northeastward,  was  the  newest.  The  highest  beach 
near  Watertown  was  probably  contemporaneous  with  the 
fossiliferous  beds  of  Toronto;  some  of  the  intermediate  north- 
eastern beaches  corresponded  to  the  delta  deposits  of  Scarboi-o; 
and  the  lowest  northeastward  take  level  was  continuous  with 
the  highest  at  Toronto,  Hamilton,  Lewiston.  and  east  to  Rome. 
Between  lakes  Warren  and  Lundy  the  old  water  level  near 
the  west  end  of  lake  Ontario  fell  125  feet,  minus  some  amount 
to  be  subtracted  for  the  progressing  northeastward  elevation 
of  the  land.  The  two  Lundy  shores  are  30  feet  apart  vertically. 
From  the  lower  and  main  Lundy  beach  the  water  fell  about 
480  feet  to  the  earliest  stage  of  lake  Iroquois  when  the  Toronto 
f6ssil  shells  lived  in  the  edge  of  that  lake,  excepting  that  here 
again  some  undetermined  amount  must  be  subtracted  to  com- 
pensate the  concurrent  rise  of  the  land.  Adding  these  vertical 
intervals  together,  we  have  635  feet,  which  probably  may  be 
reduced  100  feet,  more  or  less,  for  the  effects  of  the  accompany- 
ing epeirogenic  uplift.  We  have  left  some  500  or  550  feet,  to 
be  subtracted  from  the  altitude  of  the  old  Chicago  outlet  of  lake 
Warren,  believed  to  have  been  than  approximately  as  now,  590 
feet  above  the  sea,  to  give  the.  earliest  altitude  of  the  Rome 
outlet.  It  thus  appears,  as  I  concluded  from  a  similar  computa- 
tion four  years  ago,  that  the  Rome  outlet  was  at  first  only  50 
or  100  feet  above  the  sea  level.*  It  was  gradually  uplifted, 
participating  in  the  differential  rise  of  the  whole  Ontario  basin, 
to  about  SOO  feet  above  the  sea  while  the  outflow  continued 
here,  and  to  probably  350  feet  or  more,  lacking  less  than  100 
feet  of  its  present  hight,  by  the  time  when  the  much  farther 
retreat  of  the  ice  permitted  the  extension  of  the  sea  to  Ogdens- 
burgh  and  Brockville,  on  the  St.  Lawrence  river  near  the 
mouth  of  lake  Ontario,  Intermediate  between  lake  Iroquois 
and  the  Champlain  incursion  of  the  sea,  the  glacial  lake  St. 
Lawrence,  into  which  lake  Iroquois  was  merged  by  the  retreat 
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of  the  ice-sheet  from  the  nortberD  side  of  the  AdlroDdaclts. 
filled  the  lake  Ontario  basin  for  a  considerable  time  at  levels 
below  the  Iroquois  beaches. 

As  the  area  of  lake  Warren  was  being  differentially  much 
elevated  during  the  earlier  existence  of  that  lake,  and  as  tiie 
area  of  lake  Algonquin  was  similarly  uplifted  in  part  or  wboll; 
contemporaneoasly  with  the  Iroquois  basin,  so  this  region  was 
being  rapidly  raised  and  tilted  upward  to  the  north  and  east 
while  the  lake  level,  held  constantly  without  important  down- 
ward cutting  at  the  Rome  outlet,  inscribed  many  shore  lines 
on  the  slowly  moving  land.  All  the  movement  throughout  the 
whole  region  probably  was  upward;  but  the  position  of  Rome, 
and  its  greater  rise  than  western  parta  of  the  basin  dar- 
ing the  existence  of  lake  Iroquois,  caused  the  old  beaches 
westward  to  have  now  declining  gradients. 

Lake  Hudmn-Champlain* — The  absence  of  marine  fossils  in 
i>eds  overlying  the  glacial  drift  on  the  shores  of  southern  New 
England,  Long  Island,  and  New  Jersey,  and  the  water-courses 
which  extend  from  the  terminal  moraine  on  Long  Island  south- 
ward across  the  adjacent  modified  drift  plain  and  continue  be- 
neath the  sea  level  of  the  Great  South  bay  and  other  bays  be- 
tween the  shore  and  its  bordering  long  beaches,  prove  that 
this  coast  stood  higher  than  now  when  the  ice  sheet  extended 
to  its  farthest  limit.  A  measure  of  this  elevation  of  the  sea- 
board in  the  vicinity  of  New  York  during  the  Champlain  epoch 
is  supplied,  as  I  believe,  by  the  shallow  submarine  channel  of 
the  Hudson,  which  has  been  traced  by  the  soundings  of  the  U. 
S.  Coast  Survey  from  about  12  miles  off  Sandy  Hook  to  a  dis- 
tance of  about  90  miles  southeastward.  This  submerged  chan- 
nel, lying  between  the  present  mouth  of  the  Hudson  and  the 
very  deep  submarine  fjord  of  this  river,  ranges  from  10  to  15 
fathoms  in  depth,  with  an  average  width  of  1 J  miles,  along  its 
extent  of  80  miles,  the  depth  being  measured  from  the  top  of 
its  banks,  which,  with  the  adjacent  sea- bed,  are  covered  by  13 
to  40  fathoms  of  water,  increasing  southeastward  with  the  slope 
of  this  margin  of  the  continenal  plateau.  During  the  whole  or 
a  considerable  part  of  the  time  of  the  glacial  lake  Iroquois, 
this  area  stretching  100  miles  southeastward  from  New  Yorlc 

•  WurrcnUpbau.  Bulletin  Qeol.  ?oc.  Am.,  vol.  1,  p.  >«;  vol.  li,  p.  HI:  vol.  III.pP 
4M-48T(an1.UBlog  tills  name).  C.  H.  Klrj'.hcock,  Geolog;  or  Vermont.  IWl,  ml.  I.  PP- 
liJ-lflT.  with  map.  J.  S.  Newberry,  Pop.  Si^l,  Mootbly,  vol.  xlU.  1879,  pp.  Ul-MO.  F.  J. 
n.  Merrill.  Am.  Jour,  Se\..  III.  vol.  xll.  pp.  UO-IM.  June.  1891.  W.  U.  DbtIb,  Pruc. 
Boaloa  Soo.  Nat.  Hist.,  vol.  xxv,  18111,  pp.  316-331.  3.  PrantlBS  Buldirln.  "Plelalocen* 
History  o(  the  Cham  plain  Vallej,"  Am.  Geologist,  vol.  xill,  pp.  170-184.  with  niip. 
Marvh.  Wit.    Baron  de  (jeer,  as  cited  Cor  Take  Irotiuols. 
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was  probably  a  land  surface,  across  which  the  Hudson  flowed 
with  a  slight  descent  to  the  sea.  But  northward  from  the  pres- 
ent mouth  of  the  Hudson  the  land  at  that  time  stood  lower  than 
now;  and  the  amount  nf  its  depression,  beginning  near  the  city 
of  New  York  and  increasing  from  south  to  north,  as  shown  by 
terraces  and  deltas  of  the  glacial  lake  Hudson- Champlain, 
which  were  formed  before  this  long  and  narrow  lake  became 
merged  in  the  glacial  lake  St.  Lawrence,  was  nearly  180  feet  at 
West  Point,  275  feet  at  Catskill,  and  340  feet  at  Albany  and 
Schenectady.  From  these  figures,  however,  we  must  subtract 
the  amount  of  descent  of  the  Hudson  river,  which  in  its  chan- 
nel outside  the  present  harbor  of  New  York  may  probably  have 
been  once  50  or  60  feet  in  its  length  of  about  100  miles. 

Before  the  time  of  disappearance  of  the  ice-barrier  from  the 
St.  Lawrence  valley  at  Quebec,  the  descentof  the  Hudson  river 
beyond  New  York  city  may  have  diminished,  or  the  seaboard  at 
New  York  may  have  sunk  so  as  to  bring  the  shore  line  nearly 
to  its  present  position;  but  the  Hudson  valley  meanwhile  had 
been  uplifted,  so  that  the  outflow  from  the  lake  St.  Lawrence 
crossed  the  low  divide,  now  about  150  feet  above  the  sea,  be- 
tween lake  Champlain  and  the  Hudson.  This  is  known  by  the 
eztension  of  fossiliferous  marine  deposits  along  the  lake 
Champlain  basin  nearly  to  its  southern  end,  while  they  are 
wholly  wanting  along  all  the  Hadson  valley.  Indeed,  the  out- 
flowing river  from  lakes  Iroquois,  Hudson- Champlain,  and  St. 
Lawrence,  or  the  Hudson  during  the  Postglacial  period,  chan- 
neled the  lower  part  of  this  valley  to  a  depth  of  about  100  feet 
below  the  present  sea  level,  proving  that  the  land  there,  as 
Merrill  points  out,  stood  so  much  higher  than  now  at  some 
time  after  the  ice  retreated. 

According  to  the  observations  of  Davis,  Baldwin,  and  Baron 
de  Gear,  the  highest  shore  line  of  the  lake  Hudson  Champlain 
is  now  elevated  to  about  275  feetabove  the  sea  at  Catskill,  N.  Y.; 
550  feet  in  Chesterfield,  N.  Y.,  on  the  west  side  of  lakeCham- 
plain  opposite  to  Burlington;  and  658  feet  at  St.  Albans,  Vt. 
Assuming  that  the  mouth  of  the  lake,  near  New  York  City,  was 
50  feet  above  the  sea,  the  differential  northward  uplift  of  the 
originally  level  shore  has  been  at  the  rate  of  about  two  feet 
per  mile  for  the  100  miles  from  the  present  mouth  of  the  Hud- 
son to  Catskill;  1.7  feet  per  mile  for  the  next  160  miles  north 
to  Chesterfield;  and  about  three  and  a  half  feet  per  mile  in  the 
next  80  miles  north- northeastward  to  St.  Albans.  Perhaps  a 
IS  G 
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higher  beach  may  exist  in  Chesterfield,  which  would  bring 
tEese  gradients  nearer  to  uniformity.  The  series  noted  there 
by  Baldwin  comprises  eight  beaches  referable  to  the  sncces- 
sive  water  levels  of  lake  Hudson-Champlain,  lake  St.  Law- 
rence, and  the  sea  in  the  Ghamplain  basin,  their  hights  abonre 
the  sea  level  of  to-day  being  550  feet,  530,  470,  423,  386,  365, 
335.  and  290  feet.  The  mean  level  of  lake  Champlain  is  97 
feet  above  the  sea.  and  its  maximum  depth  402  feet.  The  lower 
four  of  these  beaches  belonged  to  the  Champlaiin  arm  of  tlie 
enlarged  Gulf  of  St.  Lawrence,  as  shown  by  the  hight  of  its 
sand  deltas  and  associated  fossiliferous  clays;  but  the  higher 
four  represent  stages  of  the  lakes  Hudson-Champlaia  and  St 
Lawrence.  These  shore  lines,  like  those  of  the  glacial  lakes 
farther  west  to  lake  Agasstz,  were  probably  formed  during 
times  of  rest  or  slackening  in  the  somewhat  intermittent  epeiro- 
genic  elevation  of  the  land. 

Lake  St.  Lawrence.* — The  records  of  the  G-lacial  and  Cham- 
plain  epochs  in  the  St.  Lawrence  valley  have  been  most  folly 
studied  during  many  years  by  Sir  William  Dawson,  to  whose 
work  chiefly  we  are  indebted  for  detailed  descriptions  of  the 
evidences  of  the  marine  submergence  of  that  region  to  a  maxi- 
mum hight  at  Montreal  somewhat  exceeding  500  feet  above 
the  present  sea  level-  Earlier  than  that  time  of  occupation  ol 
the  depressed  broad  valley  by  the  sea,  it  was  filled  from  lake 
Ontario  to  near  Quebec,  by  a  great  glacial  lake,  held  on  its 
northeast  side  by  the  receding  continental  ice-sheet.  The  di- 
rections of  the  glacial  striae  and  transportation  of  the  drift  in 
the  St.  Lawrence  valley,  running  southwestward  at  Montreal 
and  onward  to  the  gi'eat  lakes,  but  eastward  from  Quebec  down 
the  shores  of  the  Gulf  of  St  Lawrence,  and  southeast  across 
Nova  Scotia  and  New  Brunswick,  show  thatthe  latest  remnant 
of  the  ice  barrier  blockading  this  valley  was  melted  away  in 
the  neighborhood  of  Quebec,  then  admitting  the  sea  to  a  large. 
low  region  westward.  Until  this  barrier  was  removed,  a  glacial 
lake,  which  here  for  convenience  of  description  and  citation  is 
designated  as  the  lake  St.   Lawrence,   dating  from  the.  coq- 

1,  the  OanadlnD  Ice  A|{0  (Moatnial,  ISSS),  pp.  :»1.  wllb  mBp9 
&  nloe  plutes  o[  Plolatocene  losaila.  Tbis  Tolnme 
»  OQ  tbe  glaolul  drift  and  assool&ted  IsPusErint 
of  the  St.  Lawrence  vaDef.  einbodrlai;  tbe  studies 
r  papers  In  tbe  "Caoadlaa  Naturalist  nnd  Oeolo- 
lebad  given  a  similar  Buniinary  In  a  paropblet  ot  m  ptgtt- 
"Not«a  do  the  foBl-pllocone  o(  Canada,"  in  1872.  J.  W.  Spanoer,  Q.  K.  Gnbert.  B»ron 
deOcer,  9.  Prt-ntiss  Baldwin,  aod  WurrenUphani,a9  betare  alUiA  tor  lakEis  Warren, 
Alson^ulD,  Iroquois,  and  HudBOn.Cb  am  plain. 
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fluence  of  lakes  Iroquois  and  Hudson- Champlain  and  growing 
northward  and  eastward,  spread  over  the  Ottawa  valley  piob- 
ably  to  the  mouth  of  the  Mattawa,  and  down  the  St.  Lawrence, 
as  fast  as  the  ice-front  was  melted  back. 

When  lake  Iroquois  ceased  to  outflow  at  Rome  and,  after  in- 
tervening stages  of  outlets  existing  for  a  short  time  at  suc- 
cessively lower  levels  north  of  the  Adirondacks,  began  to  oc- 
cupy the  Champlain  basin  and  the  St.  Lawrence  valley  north- 
ward, changing  thus  to  the  lake  St.  Lawrence,  its  surface  fell 
by  these  stages  about  250  feet  to  the  glacial  lake  Hudson- 
Qiamplain,  which  had  doubtless  reached  northward  nearly  to 
the  St.  Lawrence.  After  this  reduction  of  the  water  body  in 
the  Ontario  basin,  it  still  had  a  depth  of  about  150  feet  over 
the  present  mouth  of  lake  Ontario,  as  shown  by  a  beach  traced 
by  Gilbert,  which  thence  rises  northeastward  but  declines  to- 
ward the  south  and  southwest.  Its  plane,  which  is  nearly  par- 
allel with  the  higher  Iroquois  beaches,  sinks  to  the  present 
lake  level  near  Oswego,  N.  Y.  Farther  soiithweatward  the 
shore  of  the  glacial  lake  at  this  lower  stage  has  been  since 
submerged  by  lake  Ontario.  The  Niagara  river  was  then  longer 
than  now,  and  the  lower  part  of  its  extent  has  become  covered 
by  the  present  lake.  Prom  the  time  of  the  union  of  lakes 
Iroquois  and  Hudson- Champlain,  a  strait,  at  first  about  150  feet 
deep,  but  later  probably  diminished  on  account  of  the  rise  of 
the  land  to  the  depth  of  about  50  feet,  joined  the  broad  ex- 
panse of  water  in  the  Ontario  basin  with  the  larger  expanse 
in  the  St.  Lawrence  and  Ottawa  valleys  and  the  basin  of  lake 
Champlain.  At  the  subsequent  time  of  ingress  of  the  sea  past 
Quebec  the  level  of  lake  St.  Lawrence  fell  probably  50  feet  or 
less  to  the  ocean  level.  The  place  of  the  glacial  lake  so  far 
westward  as  the  Thousand  Islands  was  thea  taken  by  the  sea, 
with  the  marine  fauna  which  is  preserved  in  the  Leda'  clays 
and  Saxicava  sands. 

The  Champlain  Marine  Submergence. 
That  the  land  northward  from  Boston  was  lowpr  than  now 
while  the  ice-sheet  was  being  melted  away,  is  proved  by  the 
occurrence  of  fossil  mollusks  of  far  northern  range,  including 
Yoldia  {Leda)  arctica  Gray,  which  is  now  found  living  only  in 
the  Arctic  seas,  preferring  localities  which  receive  muddy 
streams  from  existing  glaciers  and  from  the  Greenland  ice- 
sheet.  This  species  is  plentiful  in  the  stratified  clays  resting 
on  the  till  in  the  St.  Lawrence  valley  and  in  New  Brunsmct 
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and  Maine,  extending  southward  to  Portsmouth,  N.  H.  But  it 
is  known  that  the  land  was  elevated  from  this  depression  to 
about  its  present  hight  tiefore  the  sea  here  bejcame  warm  and 
the  southern  mollusks,  which  exist  as  colonies  \a  the  Golf  of 
St.  Lawrence,  migrated  thither,  for  these  southern  species  are 
not  included  in  the  extensive  lists  of  the  fossil  fauna  found  in 
the  beds  overlying  the  till. 

In  the  St.  Lawrence  basin  these  marine  deposits  reach  to  the 
southern  end  of  lake  Champlain,  to  Ogilensburgh  and  Brock- 
ville,  and  at  least  to  Pembroke  and  Allumette  island,  in  the 
Ottawa  river,  about  75  miles  above  the  city  of  Ottawa.  The 
isthmus  of  Chiegnecto,  connecting  Nova  Scotia  with  New 
Brunswick,  was  submerged,  and  the  sea  extended  50  to  100 
miles  up  the  valleys  of  the  chief  rivers  of  Maine  and  New 
Brunswick.  The  uplift  of  this  region  from  the  Champlain  sea 
level  wad  10  to  25  feet  in  the  vicinity  of  Boston  and  northeast- 
ward to  Cape  Ann;  about  150  feet  near  Portsmouth,  N.  H.; 
from  150  to  about  300  feet  along  the  coast  of  Maine  and 
southern  New  Bruuswick;  about  40  feet  on  the  northwestern 
shore  of  Nova  Scotia;  thence  increasing  westward  to  300  feet 
in  the  Bay  of  Chaleurs,  375  feet  in  the  St.  Lawrence  valley  op- 
posite the  Saguenay,  and  about  560  feet  at  Montreal;  150  to  400 
or  500  feet,  increasing  from  south  to  north,  along  the  basin  of 
lake  Champlain ;  about  275  feet  at  Ogdensburgh,  and  450  feet 
near  tbe  city  of  Ottawa.  The  differential  elevation  was  practi- 
cally completed,  as  we  have  seen  from  the  boreal  character  of 
the  Champlain  marine  moUuscan  fauna,  shortly  after  the  de- 
parture of  the  ice-sheet.  With  the  areas  of  the  glacial  lakes 
Agassiz,  Warren,  and  Iroquois,  in  the  interior  of  the  continent, 
this  coastal  region  gives  testimony  of  a  wave-like  epeirogenic 
elevation  of  the  formerly  ice-laden  portion  of  the  earth's  crast, 
proportionate  with  the  glacial  melting  and  closely  following 
the  retreat  of  the  ice  from  its  boundaries  of  greatest  extent  in- 
{ward  to  the  areas  on  which  its  waning  remnants  lingered  the 
latest. 

On  the  Green  Mountains  of  Vermont,  the  White  Mountains 
region,  and  indeed  probably  over  a  large  part  of  New  England, 
a  tract  of  the  departing  ice-sheet  remained  after  the  access  of 
the  sea  to  the  St.  Lawrence  basin  left  the  New  England  ice  as 
an  isolated  mass.  This  is  known  by  the  large  tribute  of  strati- 
fied drift  quickly  brought  by  streams  from  the  melting  ice  of 
the  Green  ^Mountains  area  and  deposited  as  gravel  and  sand 
deltas  and  offshore  clays  of  the  Winooski,  La  Moille,  and  Mis- 
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sisquoi  rivers,  described  by  Hitchcock  and  Baldwin,  in  the 
east  border  of  the  Champlain  arm  of  the  sea.  On  the  west, 
too.  a  considerable  remnant  of  the  ice-sheet  seems  to  have  re- 
mained unmelted  until  this  time  on  the  Adirondacks,  and  to 
have  likewise  supplied  the  deltas  and  marine  clays  of  the  Au 
Sable,  Saranac.  and  Chazy  rivers  in  New  York.  Deflections 
of  glacial  striation  down  the  valleys,  with  corresponding  drift 
transportatiou  and  formation  of  local  moraines  across  some  of 
the  mountaia  valleys,  have  been  recorded  by  Hitchcock,  Stone, 
and  others,  in  Vermont  and  New  Hampshire;  bat  the  time  al- 
lowed for  such  glacial  action,  under  the  warm  Champlain 
climate,  was  very  short.  Tho  earlier  melting  of  the  ice  along 
the  St.  Liawrence  valley  than  on  these  mountain  tracts  was  due 
on  one  side  to  the  laving  action  of  the  waves  of  lakes  Iroquois 
and  St.  Lawrence,  and  on  the  other  side  to  the  washing  of  the 
ice-cliSs  by  the  fast  encroaching  sea  in  the  Gulf  of  St.  Law- 
rence, until  at  last  near  Quebec  the  barrier  was  severed. 

From  the  Champlain  submergence  our  Atlantic  coast  was 
raised  somewhat  higher  than  now;  and  its  latest  movement 
from  New  Jersey  to  southern  Greenland  has  been  a  moderate 
depression.  The  vertical  amount  of  this  postglacial  elevation 
above  the  present  hight,  and  of  the  recent  subsidence,  on  all 
the  coast  of  New  Jersey,  New  England,  and  the  eastern  prov- 
inces of  Canada,  is  known  to  have  ranged  from  10  feet  to  a 
maximum  of  at  least  80  feet  at  the  head  of  the  Bay  of  Fundy, 
as  is  attested  in  many  places'by  stumps  of  forests,  rooted  where 
t)iey  grew,  and  by  peat  beds  now  submerged  by  the  sea.  As 
in  Scandinavia,  the  restoration  of  isostatic  equilibrium  is  at- 
tended by  minor  oscillations,  the  conditions  requisite  for  repose 
having  been  overpassed  by  the  early  re-elevation  of  outer  por- 
tions of  each  of  these  great  glaciated  areas.  The  close  of  the 
Ice  age  was  not  long  ago,  geologically  speaking,  for  equilib- 
rium of  the  disturbed  areas  has  not  yet  Ijeen  restored. 

Measurement  op  the  Postglauial  Period  by  the  Re- 
cession OP  Niagara  Falls. 
Gilbert  has  recently  expressed  his  doubt  that  the  past  rate 
of  erosion  of  the  gorge  below  the  receding  falls  of  Niagara 
can  l>e  so  compared  with  the  present  rate  as  to  aSord  any  ap- 
proximate measure  of  the  time  which  has  elapsed  since  the 
Ice  age.*  His  first  study  of  this  questionf  gave  about  7,000 
years  for  the  erosion  of  the  Niagara  gorge,  if  it  had  proceeded 

•Naiute.  vol.  M,  p.  5.^  Ubt  IT,  iee4. 
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with  an  average  rate  like  the  present.  As  this  erosion  begaa 
at  the  time  of  retreat  of  the  ice-sheet  from  that  area  and  has 
been  in  progress  daring  all  the  subsequent  time,  it  has  been 
regarded  as  a  geologic  chronometer,  like  the  similar  erosion  of 
the  gorge  below  the  falls  of  St.  Anthony,  from  which  Prof.  N. 
H.  "Winchell  had  previously  computed  the  length  of  the  Post- 
glacial period  in  Minnesota  to  be  about  7,800  years.  On  the 
other  hand,  Spencer  gives  the  results  of  his  computation  of  the 
duration  of  the  Niagara  falls  and  gorge  as  about  32,000  years.* 

The  largest  element  of  uncertainty  (as  hitherto  supposed)  in 
the  estimate  drawn  from  the  rate  of  recession  of  Niagara  falls 
is  shown  by  Gilbert's  second  and  more  full  discussion,!  to  con- 
sist in  the  probability  or  possibility  that  for  some  considerable 
time,  next  following  the  melting  away  of  the  ice  upon  the  area 
crossed  by  the  Niagara  river,  the  outlet  of  lakes  Superior, 
Michigan,  and  Huron,  may  have  passed  to  the  St.  Lawrence  by 
a  more  northern  course,  flowing  across  the  present  watershed 
east  of  lake  Nipissiug  to  the  Mattawa  and  Ottawa  rivers.  The 
Niagara  would  then  have  been  a  small  river,  being  left  with 
only  a  small  area  of  drainage  and  consequently  capable  of  only 
slow  erosion  of  its  gorge.  This  condition  Spencer  supposes  to 
have  lasted  no  less  than  24,000  years,  or  three-fonrths  of  the 
time  which  he  allows  for  the  whole  of  the  gorge  erosion. 
Against  this  hypothesis,  the  investigation  here  presented  seems 
to  bring  important  and  decisive  objections. 

First  we  must  note  that*  the  views  held  by  Spencer  and 
Taylor,  that  the  high  shore  lines  around  the  great  Laurentian 
lakes  are  of  marine  formation,  is  inconsistent  with  the  total 
absence  of  marine  fossiliferous  beds  overlying  the  glacial  drift 
throughout  the  basins  of  these  lakes.  Instead,  fresh-water 
molluscan  shells  are  found  in  the  beaches  and  offshore  deposits 
of  lakes  Warren,  Algonquin,  and  Iroquois,  as  noticed  in  these 
pf^es.  I  So  far  as  the  sea  did  extend,  after  the  farther  reces- 
sion of  the  ice-sheets  permitted  it  to  come  into  the  St.  Law- 
rence and  Ottawa  valleys  and  into  the  basin  of  lake  Champlain, 
marine  fossils  abound;  but  none  are  found  above  the  Thousand 
Islands,  which  lie  in  the  St.  Lawrence  at  the  mouth  of  lake 
Ontario.     We  may,  therefore,  confidently  accept  the  Niagara 
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gorge  as  a  measure  of  all  the  time  since  that  area  was  udcov- 
ered  from  the  ice-sheet. 

The  foregoing  review  of  the  departure  of  the  ice-sheet  from 
the  St  Lawrence  basin,  and  of  the  accompanying  wave-like  up- 
lift, shows  clearly  that  New  York  and  New  England  were  the 
last  portions  of  the  United  States,  at  least  eastward  from  the 
Rocky  mountaioB,  to  be  uncovered  from  the  fast  waning  con- 
tinental glacier.  When  lake  Warren  attained  its  greatest  ex- 
tent, the  ice-sheet  had  melted  off  from  all  the  northern  United 
States  west  of  lake  Nipissing  and  Buffalo,  N.Y.;  butyet,  to 
hold  this  glacial  lake  on  the  east,  it  remained  unmelted  upon 
the  Niagara  and  lake  Ontario  or  Iroquois  area.  Thus  we  see 
that  all  the  moraines  within  the  limits  of  the  Unit«d  States 
west  of  the  great  angle  of  the  drift  boundary  near  Salamanca, 
in  southwestern  New  York,*  are  somewhat  older  than  the 
moraines  east  of  that  angle,  in  New  York,  Pennsylvania,  New 
Jersey,  Long  Island,  and  New  England,  The  difference  in  age, 
however,  between  the  western  and  eastern  moraines  and  drift 
was,  perhaps,  no  more  than  500  to  1,000  years,  as  we  may  in- 
fer from  the  rate  of  retreat  of  the  portion  of  the  ieefront  form- 
ing the  northern  barrier  of  lake  ^assiz. 

This  view  of  the  order  of  going  of  the  ice-sheet  finds  me- 
teorological explanation  as  follows:  Doubtless  the  prevailing 
course  of  storms  during  the  Glacial  and  Champlain  epochs,  as 
at  the  present  time,  was  from  west  to  east  and  northeast.  With 
the  restoration  of  a  temperate  climate  by  the  subsidence  of  the 
land  to  its  present  hight  or  lower,  the  sunshine  and  rains  be- 
gan'to  melt  the  ice  away.  Its  border  in  general  retreated  and 
became  steeper,  but  with  interruptions,  ranging  in  length  from 
decades  to  centuries,  when  the  snow  accumulation  and  ice  out- 
flow caused  important  extensions  of  the  glaciation.  The  warm 
air  currents,  bringing  rain  storms  and  therefore  rapidly  melt- 
ing the -front  of  the  ice  where  they  first  swept  over  it  at  the 
west,  would,  however,  be  chilled  as  they  passed  onward,  giv- 
ing principally  snowfall  on  more  eastern  parts  of  the  ice 
margin.  The  western  ice-melting  also  contributed  much  to 
the  supply  of  moisture  for  this  snowfall  from  the  eastwardly 
moving  storms.  Hence,  the  eastern  great  ice-lobe,  from  Sala- 
manca to  Long  Island,  Cape  Cod,  and  the  Gulf  of  Maine, 
would  be  fed  and  fattened  to  be  thick  and  spread  in  some  places 

•  CODBuU  Prof.  Obumberl Id's  iLapsoI  thegluclated  areas  or  tha  United  States. 
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even  beyond  its  previous  limits,  while  all  of  the  ice-sheet 
farther  west  in  the  United  States  was  being  melted  away.  * 

Another  unexpected  conclusion,  relative  to  the  volume  of 
the  Niagara  river  while  the  ice-sheet  was  departing,  is  brought 
by  our  consideration  of  the  uplift  of  the  northern  side  of  the 
glacial  lake  Warren,  which  along  its  extent  of  600  miles  from 
west  to  east  was  rapidly  raised  in  general  about  350  to  400  feet, 
as  compared  with  the  Chicago  outlet,  before  the  date  of  the 
Algonquin  beach.  In  the  vicinity  of  lake  Nipissing  this  beach 
is  100  feet  above  that  lake,  or  743  feet  above  the  sea,  being  so 
high,  50  feet  upon  a  width  of  more  than  a  mile,  above  the 
watershed  east  of  the  lake  leading  to  the  Mattawa  and  Ottawa 
rivers,  that  I  cannot  believe  a  river  of  such  depth  and  width 
to  have  there  outflowed.  Instead,  I  think  that  the  ice-sheet 
then  still  remained  as  a  barrier  upon  the  Mattawa  and  Ottawa 
areas;  and  that  the  earliest  outfiow  from  lake  Algonquin  went 
southward  by  way  of  the  present  St  Clair  and  Detroit  rivers 
and  thence  east  along  the  bed  of  lake  Erie,  as  soon  as  the 
glacial  lake  Lundy  was  drained  away,  to  the  incipient  Niagaiu 
eind  lake  Iroquois.  Eight-ninths  of  all  the  uplifting  of  the 
Nipissing  area  which  carried  its  watershed  above  the  hight  at 
which  it  could  be  an  outlet  of  lake  Algonquin  had  taken  place 
before  the  Niagara  river  and  lake  Iroquois  began  to  exist. 
Later,  while  yet  the  ice  was  a  barrier  on  the  Mattawa  area,  I 
believe  that  the  continuation  of  that  uplift  fully  raised  the 
Nipissing-Mattawa  divide  above  lake  Algonquin,  for  mean- 
while the  lake  Iroquois  area  was  undergoing  a  large  differen- 
tial uplift  of  increasing  amount  from  south  to  north  and  from 
west  to  east.  Further  evidence  that  the  ice  lx)rder  remained 
npon  the  high  area  between  lake  Ontario  and  Georgian  bay, 
turning  the  waters  of  lake  Algonquin  southward  and  eastward 
to  the  Niagara  river,  until  lake  Iroquois  began  to  exist  with  a 
level  in  its  western  part  nearly  like  that  of  the  present  lake 
Ontario,  is  afforded,  as  previously  shown,  by  the  alternating 
fossiliferous  beds  and  till  deposits  of  Toronto  and  Scarboro. 
The  Niagara  river  and  falls  thus  appear  to  have  had  a  volume 
equal  to  the  present  during  their  entire  history.  If  there  was 
any  time  of  diversion  of  the  waters  of  the  upper  Laurentian 
lakes  to  the  Mattawa  valley,  it  was  of  very  brief  duration,  oc- 


*  On  a  smuUcr  scale,  ditrlns  the  melting  of  the  Ici 

snowaocumiiUtlOQ  ou  thB  east  side  of  the  Mloneso 

while  Ita  weatem  side  was  relreatlog,  aa  noted,  with  . 
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currjng  aiter  some  longer  time  of  southward  fiow  through  the 
lake  Erie  basin,  and  would  require  only  an  insignificant  addi- 
tion to  the  estimate  of  7,000  years,  as  given  by  Gilbert  in  1886, 
for  the  duration  of  the  Niagara  river  and  of  the  Postglacial 
period.* 

The  great  depth  of  the  Niagara  river  (having  a  maximum 
sounding  of  185  feet)  at  the  foot  of  the  falls,  and  for  nearly  two 
miles  to  t^e  head  of  the  Whirlpool  rapids,  has  been  regarded 
by  Gilbert  as  a  corroboration  of  the  hypothesis  that  the  volume 
of  the  river  was  for  a  long  time  greatly  diminished  by  a 
Mattawa  outlet  from  the  upper  lakes.f  The  deep  excavation 
below  the  river  level  in  the  more  recently  eroded  part  of  the 
Niagara  gorge  near  the  falls,  analogous  to  pot-hole  erosion,  he 
attributes  to  a  probably  larger  volume  of  the  river  than  that 
which  previously  formed  the  shallower  and  longer  portion  of 
the  gorge,  excepting  only  at  the  Whirlpool,  where  the  post- 
glacial gorge  coincides  with  one  of  preglacial  age4  The 
greater  thickness  of  the  Niagara  limestone,  however,  may 
probably  account  chiefly,  as  I  think,  for  the  deeper  excavation 
by  the  cataract  now  than  during  the  early  part  of  its  recession. 
Large  blocks  of  this  limestone  doubtless  act  as  pestles  per- 
forming the  very  deep  erosion  under  the  impact  of  the  falling 
water  (an  explanation  suggested  by  McGee  and  published  by 
Gilbert);  and  the  much  jointed  superficial  portion  of  the  lime- 
stone may  be  less  serviceable  for  this  work  than  the  deeper 
beds  which  were  reached  along  this  upper  part  of  the  gorge. 

Relation  op  the  Champlain  Epoch  to  the  Quatek- 
NARY  Era. 

The  duration  of  lake  Agassiz,  probably  about  1,000  years,  as 
estimated  from  the  total  wave  erosion  and  resulting  accumula- 
tion of  beach  gravel  and  sand  on  its  shores,  in  comparison  with 
those  of  lake  Michigan  during  all  the  time  since  the  recession 
of  the  ice-sheet,§  well  confirms  the  earlier  conclusion  by  Dana, 
from  his  studies  of  the  valley  drift  along  the  river  courses  of 


•Andrew  H.  Hanaea  (la  the  Journal  of  Oeologf.  vol.  II.   p.  M%  Feb.-Mirob,  ISai) 

estlmiitea  of  tba  length  of  the  PoalKlacilal  period  which  huve  been  amde  Id  North 
Amerloa  und  Earupe,  all  oomlag  wltbla  the  limits  of  n.DaOaad  12.000  fe'ira. 

tlnternatlonalCongresBotQeoltiglsts,  Report  of  the  Fifth  Sesa loo.  Washington.  1801 
(publlahed  IBea),  pp.  tSE-t.lS,  with  map. 

Uullus  PohltnaD  has  nrltten  □□  the  preglacial  erosion  along  the  course  of  the  Nia- 
gara. In  Proc.  A.  A.  A.S.  rol.  nxxv.  torlSSB,  pp.2SI.  233. 
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southern  New  England,  that  the  retreat  of  Uie  ice  and  deposi- 
tion of  its  drift  were  very  rapid.  On  the  intervening  area  of 
the  great  Laurentian  lakes  all  the  observations  here  brought 
into  correlation  and  historic  sequence  give  similar  testimony  of 
the  geologic' brevity  of  the  Champlain  epoch.  The  moderate 
re-elevation  from  the  Ohamplain  depression  was  mostly  accom- 
plished by  an  epeirogenic  movement  Etdvancing  like  a  wave 
closely  in  company  with  the  glacial  melting  and  retreat;  and 
both  appear  to  have  occupied  no  more  than  4,000  or  5,000 
years. 

Accepting  the  estimate  that  the  dates  of  the  retreat  of  the 
ice-border  past  the  falls  of  St.  Anthony  and  Niagara  ffdls  were 
respectively  al)out  8,000  and  7,000  years  ago,  we  may  well 
refer  all  the  final  melting  of  the  ice-sheet  upon  the  northern 
United  States  and  British  America,  except  the  existing  glaciers 
of  the  Cordilleran  mountain  belt  and  St.  Elias  region,  to  a 
Gbamplain  epoch  from  10,000  to  5,000  years  ago.  This  in- 
cludes the  retreat  of  the  ice  from  its  late  southern  limits  to 
the  Altamont  or  outermost  moraine,  with  the  deposition  of  the 
loess  and  the  subsequent  uplifting  of  the  Wisconsin  driftiess 
area  and  of  the  greater  part  of  the  upper  Mississippi  and  Mis- 
souri region,  probably  occupying  2,000  years,  more  or  less;  the 
further  recession  during  the  existence  of  lake  Agassiz  and  t^e 
glacial  lakes  of  the  St.  Lawrence  basin,  with  the  formation  of 
the  many  moraines  traced  across  the  northern  states  and  some 
southern  parts  of  Canada,  probably  1,500  or  2,000  years;  and 
the  melting  away  of  the  lingering  remnants  of  the  ice  sheet 
upon  Labrador  and  the  country  northwest  of  Hudson  bay,  per- 
haps 1,000  or  1,500  years. '  The  northward  differential  uplift>- 
ing  of  the  area  of  lakes  Agassiz,  Warren,  Iroquois,  and  St, 
Lawrence,  took  place  very  rapidly,  the  maximum  tipeirogenic 
movement  upward  being  apparently  from  a  half  of  a  foot  to 
one  foot  or  more  each  year  during  several  centuries,  first  on 
the  southern  and  southwestern  portion  of  the  uplifted  region, 
and  thence  proceeding  to  the  north  and  northeast.  The  uplift 
was  nearly  proportional  with  the  removal  of  the  ice  weight, 
and  was  doubtless  due  to  inflow  of  the  plastic  or  molten  in- 
terior of  the  earth  beneath  the  buoyant  crust. 

How  long  a  time  was  needed  for  the  great  subsidence  intro- 
ducing the  Champlain  epoch,  it  will  he  more  difBcult  to  esti- 
mate. Perhaps  it  may  have  taken  as  long  as  the  departure  of 
the  ice-sheet  and  the  re-elevation,  or  it  may  have  required 
twice  that  time,  being  thus  some  5,000  to  10,000  years.     This 
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was  a  Late  Glacial  movement,  leading  to  the  end  of  the 
Ice  age. 

The  earlier  and  probably  longer  part  of  the  Glacial  period, 
while  the  land  had  its  great  altitude  causing  the  snow  and  ice 
accnmnlatiou  on  the  drift-bearing  areas,  but  with  considerable 
secular  climatic  fluctuations  and  therefore  retreats  and  re- 
advances  of  the  ice-front,  may  well  have  included  the  forma- 
tion of  the  early  till  in  Illinois,  Indiana,  and  Ohio,  on  which 
Leverett  finds  a  soil  and  leached  subsoil,  comparable  in  thick- 
ness with  those  of  the  present  snrface,  yet  buried  under  thick 
deposits  of.  later  drift.*  To  the  same  time  we  may  also  refer 
the  deposition  of  the  flood-plain  of  glacial  gravel  and  sand 
whose  remnants  form  the  surface  of  the  highest  terraces  along 
the  upper  part  of  the  Ohio  river.f  Again,  in  northwestern 
Illinois,  the  rock  gorges  studied  by  Hersheyt  suggest,  like  the 
oxidation,  leaching,  and  soil  formation  of  the  early  till,  and 
like  the  great  amounts  of  fluvial  sedimentation  and  subsequent 
erosion  in  the  Ohio  valley,  that  the  Glacial  period  in  the  United 
States  was  long  as  measured  by  years,  though  short  in  com- 
parison with  all  other  geologic  periods,  excepting  the  Post- 
glacial. Even  with  the  high  altitude  favoring  powerful  stream 
erosion  of  the  gorges  and  of  the  valley  drift,  the  work  done 
indicates  probably  a  duration  of  the  ice-sheet  through  30,000 
years,  more  or  less,  before  the  subsidence  of  the  land  began. 

For  the  early  Quaternary  time  of  great  elevation,  preceding 
and  bringing  on  the  Ice  age,  we  have  an  estimate  of  60.000  to 
120,000  years,  drawn  from  the  probable  rate  of  deposition  of 
the  Lafayette  formation  in  the  lower  Mississippi  valley,  and 
from  the  ensuing  deep  erosion  of  the  Lafayette  and  underly- 
ing strata,  immedialely  preceding  the  ice  accumulation  and 
doubtless  in  part  contemporaneous  with  it§ 

These  estimates  give  for  the  whole  Quaternary  era  some 
100,000  or  150,000  years,  placing  its  beginning  ten  or  fifteen 
times  as  long  ago  as  that  of  the  Champlain  epoch.  The 
Tertiary  era  appears  by  the  changes  of  its  marine  moUusean 
faunas  to  have  been  vastly  longer,  having  comprised  perhaps 
between  two  and  four  million  years,  of  which  the  Pliocene 
period  would  be  a  sixth  or  eighth  part,  thus  exceeding  the 

■ProceedlngBoC  the  Boston  Society  of  Natural  History,  vol,  ixlv,  pp.  4Afi-t5%  Jan. 
1.1800. 

tOhamberllD  and  Leverett.  Am.  Jour.  Scl..  Ill,  vol.  xlvll,  pp.  £47-283.  with  maps  and 
protles,  April,  ISM. 
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whole  of  the  eosuiug  era  of  great  epeirogenic  movements  and 
resulting  glaciation. 

Divisions  of  Quaternary  Time.* 

The  following  table  of  the  several  divisioas,  periods,  and 
epochs  of  Quaternary  time,  showing  their  relationship  with 
the  Champlain  epoch,  which  has  been  reviewed  for  the  region 
of  the  Laurentian  lakes  and  river,  St.  Lawrence  in  this  paper, 
is  arranged  in  the  descending  str&tigraphlc  order  of  their  geo- 
logic formations: 


FBrchomlo  dlTlsloQ.. 


Plelstocsne  dlvltlon.. 


Beoem  period 

Glacial  period.  , 


Seeking  to  subdivide  the  Glacial  period  or  Ice  age  with  ref- 
erence to  its  dynamic  causes  and  secular  fluctuations  in  cli- 
matic conditions,  we  Snd,  first,  a  long  epoch  of  general  snow 
and  ice  accumulation.  In  its  early  part  the  growth  of  the  ice- 
sheet  was  interrupted,  at  least  locally  and  temporarily,  by 
moderate  oscillations  of  its  boundary,  as  shown  by  layers  of 
lignite  between  deposits  of  till  observed  by  Dr.  Robert  Bell  on 
branches  of  the  Moose  and  Albany  rivers  tributary  to  the 
southwest  side  of  James  bay.f  Later,  after  the  ice-sheet  at- 
tained its  maximum  stage  in  the  Mississippi  basin,  reaching 
south  to  uortheast«m  Kansas,  central  Missouri,  and  southern 
Illinois,  this  epoch  included  a  long  interval  of  extensive  re- 
treat of  that  part  of  the  ice-sheet,  followed  by  renewal  of  its 
growth  until  it  again  reached  far  south  toward  its  former 
limits.  This  part  of  the  Ice  age  is  well  denomihated,  from  its 
envelopment  of  the  land  by  ice-sheets,  the  Glacial  epoch.  Its 
chief  cause  I  think  to  have  been  uplifts  of  the  glaciated  re- 
gions thousands  of  feet  above  their  present  hight. 

Forest  beds  and  other  fossiliferous  deposits  of  the  inter- 
glacial  stage  in  this  epoch  are  found  frequently,  and  on  some 
large  tracts  almost  continuously,  occurring  between  deposits  of 
the  till  or  glacial  drift  penetrated  by  wells,  from  southwestern 
Ohio,  through  Indiana  and  Illinois,  to  northeastern  Iowa  and 
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to  Mower  coimty  in  southern  MinDesota.*  Less  frequent,  but 
still  sometimes  occupying  considerable  tracts  as  shown  by 
several  wells  near  together,  these  iuterglacial  beds  are  re- 
corded by  my  notes  of  wells  in  Lyon,  Renville,  and  McLeod 
counties,  Minn.,  60  to  90  miles  north  from  the  south  line  of  this 
state.  More  rare  instances  of  their  observation  are  noted  as 
fsx  north  as  in  Mitchell  township,  Wilkin  county,  and  Bames- 
ville  in  the  south  edge  of  Clay  county,  Minn, ;  and  these  most 
northern  localities  are  situated  within  the  area  of  the  glacial 
lake  Agassiz,  respectively  about  100  feet  and  75  feet  below  its 
highest  and  earliest  or  Herman  beach.  If  the  altitude  and 
slopes  of  the  land  bad  been  then  the  same  as  now,  an  inter- 
glacial  lake  held  by  the  barrier  of  the  receding  ice-sheet  must 
have  forbidden  the  growth  of  forests  or  formation  of  swamp 
deposits  there  until  the  outlet  was  deeply  eroded  or  much' 
farther  glacial  recession  permitted  that  lake  to  be  drained 
.  away  northward.  Under  those  conditions  the  growth  of  an 
interglacial  forest  at  Barnesville  would  imply  probably  three 
to  six  times  more  glacial  melting  and  recession  than  otherwise 
would  suf^ce  to  account  for  the  most  northern  of  these  ob- 
served interglacial  deposits.  It  therefore  seems  to  me  more 
likely  that  during  this  glacial  retreat  the  present  basin  of  the 
Red  river  of  the  North,  which  was  later  occupied  by  lake 
Agassiz,  had  a  considerably  greater  altitude  than  now,  retain- 
ing a  part,  probably  a  large  part,  of  its  preglacial  elevation, 
and  that  it  was  thus  a  land  surface  with  southward  descent  and 
free  drainage  along  the  Minnesota  river  valley  to  the  Missis- 
sippi. The  recession  of  the  ice-sheet,  before  its  renewed 
growth,  may  then  have  reached  only  to  the  southern  part  of  the 
Red  river  valley,  instead  of  the  great  farther  distance  to  Hud- 
son bay  which  I  formerly  supposed  in  writing  of  these  inter- 
glacial beds  in  Minnesota! 

The  erosion  of  numerous  and  large  interglacial  stream 
courses .  in  the  early  drift  sheet  of  southern  Minnesota  and 
northern  Iowa,  including  the  Minnesota  river  valley  and  its 

•W  J  McOee,  Eleventh  AnDU&t  Report,  U.  S.  Geol.  Survey,  forl889-eO,  Part  I,  pp. 
18<MM.  Summaries  of  observations  of  the  faterglnslal  toreit  beds  throughout  this 
resion,  with  dlscueilon  of  their  BlKnlflcanoe,  are  given  by  O.  Whittlesey,  SmUhsonl&o 
Oontrlbutloua,  Wo.  lOi,  vol.  iv,  IBM.  pc-  IS-U;  J-  8-  Newberry,  Geology  of  Ohio,  vol.  11, 
IBTt.  pp.  M)-33i    N.  H.  Wtnotaell,  Pruo.  A.  A.  A,  S..   vol.  iilv.  for  HIS.  Part  II,  pp,  «-»! 

0.  F,  Wright,  The  Ice  Ace  In  North  Amerlos,  188a.  pp,  fli-iBa;  Frank  Leverett,  Proc. 
Boiton  Sac.  Nat.  Hist.,  vol.  iilv.  pp.  49A-I50,  Jan.  1,  IBOO.  and  Journal  of  atwlogy,  toI. 

1,  pp.  1»-I4a,  with  map,  Feb.-Uarch.  1893.     N,  H.  Wlachell,  Oeoloiiy  of  Minn..  Flaal 
Report,  vol.  I.  IBM.  pp.  313,  3S3.  390. 

+aeoloBy  ol  Uinn..  Final  Heport,  vol.  i.  19S1,  pp.  402,  406.  JM.  170-183,  SOT,  SlI.  (H2,  $80, 
9Bl,BeS-S,«W,S»:  vol.  II,  18S3,pp.  13S,lSe,i87,im,«e,S2g,55fi,US,«8. 
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continuation  past  Brown's  Valle;  and  above  the  bed  of  lake 
Traverse,  channeled  then  apparently  about  50  feet  (or  more) 
below  the  general  surface  of  the  adjoining  country  to  the  level 
of  the  Herman  beach  of  lake  Agassiz,*  finds  full  explanation  in 
this  retreat  of  the  ice-sheet  to  the  vicinity  of  Mitchell  and 
BaTQesvilie,  200  to  250  miles  inward  from  its  farthest  limits  in 
North  Dakota  and  on  the  northern  boundaries  of  the  Wisconsin 
driftless  area,  but  500  miles  north  from  its  limits  in  Kansas 
and  Missouri. 

During  the  ensuing  stage  of  its  renewed  accumulation  and 
growth,  the  ice-sheet  reached  from  BarnesviUe  about  200  miles 
westward  into  North  Dakota,  an  equal  distance  eastward  into 
northwestern  Wisconsin  and  southeastern  Minnesota,  and  some 
350  miles  or  more  south- southeastward  in  Iowa.  Not  only 
were  the  intorglacial  forest  beds  thus  covered,  but  a  marginal 
moraine,  which  had  been  formed  probably  during  a  slight 
pause  or  re-advance  interrupting  the  later  part  of  the  inter- 
mediate glacial  retreat,  was  likewise  buried  and  is  now  indi- 
cated by  exceptionally  abundant  boulders  in  a  stratum  of  the 
drift  shown  in  the  cliffs  of  the  upper  part  of  the  Minnesota 
river  valley  and  by  its  tributaries,  overspread  by  25  to  50  feet 
of  the  later  deposits  of  till-t 

The  two  stages  of  growth  of  the  ice-sheet  may  have  been 
due,  aside  from  their  principal  dependence  on  the  high  eleva- 
tion of  the  land,  to  the  climatic  effects  of  the  last  two  passages 
in  the  precession  of  the  equinoxes,  with  accompanying  nuta- 
tion, bringing  the  winters  of  the  northern  hemisphere  in 
aphelion  about  30,000  years  ago  and  again  about  10,000  years 
ago.  The  intermediate  time  of  the  earth's  northern  winters  in 
perihelion  would  be  the  stage  of  great  retreat  of  the  ice 
margin  in  the  upper  Mississippi  region;  but  eastward,  from 
Ohio  to  the  Atlantic  coast,  there  appears  to  have  been  little 
glacial  oscillation.!  This  explanation  accords  with  Prof.  N.H. 
Winchell's  computations  from  the  rate  of  recession  of  the  falls 
of  St  Anthony  for  the  Postglacial  or  Recent  period, §  and  with 
his  estimate  of  the  duration  of  the  interglacial  stage  from  the 
now  buried  channel  which  appears  to  have  been  then  eroded 

•Proc.  Am.  As^oo.  tor  Ad».  o(  Science,  »0l.  xx»ll,  tor  1883.  pp.  SSZ-SHT.  Oeologj  of 
Minn.,  vol.  i,  pp.  *79-*35.  SOT,  580:  vol.  11,  pp.  131, 173, 2111,  SIS-SX. 

fOBOlOKy  of  Minn.,  vol.  I,  p.  6S6. 

U.  D.  Dana.  Am.  Jour.  Sul..  HI,  vol.  ilvl,  pp.  32T-330.  Hov..  1891. 

IGeol.  and  Nut.  Hist  Rucve;  ot  MlDDSsotB.  Filth  Aim.  Sep..  toe  1B7«.  pp.  i;S.I»: 
Final  Ileport.  vol.  II.  1888.  pp.  313-311,  wltb  flftoea  plates  (views  showing  recent  cbtnges 
or  the  (alls  ot  St.  Anthony.  »ad  rniips).   Quart.  Jour.  Geot.  Soc..  London,  vol.  mtv. 
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by  the  Mississippi  river  a  few  miles  west  of  tlie  present  gorge 
below  these  falls.* 

The  chief  cause  of  the  Ice  age  is  here  thought  to  have  been 
a  high  epeirogenic  uplift;  but  the  very  noteworthy  subdivisioo 
of  the  Glacial  epoch  in  the  upper  Mississippi  basin  is  ascribed 
to  climatic  conditions  resulting  from  the  same  astronomic  cycle 
of  21,  QUO  years  which  Croll  supposed  to  have  been  efficient, 
during  the  remote  time  of  mazimum  eccentricity  of  the  earth *s 
orbit,  to  produce  alternating  glacial  and  interglacial  epochs. 
Wallace,  in  his  discussion  of  this  subject  in  "Island  Life," 
thinks  that  great  altitude  of  the  glaciated  countries  coincided 
-with  the  last  stage  of  maximum  eccentricity,  from  240,000  to 
80,000  years  ago,  to  cause  the  Ice  age,  altitude  and  eccentricity 
being  thought  perhaps  of  nearly  equal  influence.  The  view 
here  preseated  looks  on  the  Glacial  period  as  occurring  in  a 
much  later  time  of  low  eccentricity,  and  for  its  causation  re- 
gards altitude  as  far  more  ef&cient  than  any  astronomic  .condi- 
tions. The  effects  of  varying  astronomic  conditions  have  been 
recently  reconsidered  by  Dr.  George  P.  Becker,}  who  thinks, 
altogether  differently  from  Croll, (Jeikie,  and  Ball,  that  the  com- 
bination of  minimum  eccentricity  of  the  earth's  orbit  and  max- 
imum obliquity  of  the  ecliptic  is  most  favorable  for  snow  and 
ice  accumulation;  and  he  states  that  these  conditions  have  ex- 
isted within  the  past  40,000  years,  until  8,000  years  ago,  but  he 
apparently  ^ould  attribute  a  larger  share  of  the  causes  of  gla- 
ciation  to  geographic  conditions,  eis  land  elevation.  In  Europe 
a  very  remarkable  parallelism  of  the  history  of  the  Ice  age 
with  that  in  America^  indicates  dependence  on  similar  causes, 
chiefly  geographic,  as  epeirogenic  movements,  with  changes  of 
ocean  currents,  and  subordinately  astronomic. 

This  view,  and  the  following  tabulation  of  the  Pleistocene 
glacial  and  interglacial  epochs  and  stages  ia  America  may 
show  good  ground  for  compromise  and  harmony  between  the 
lately  opposing  doctrines  of  unity  and  of  duality  or  greater 
complexity  of  the  Ice  age.  If  this  period  extended  through 
30,000  or  50,000  years,  depending  principally  on  epeirogenic 
uplifts  and  in  less  degree  on  the  cycles  of  precession  of  the 
equinoxes,  it  would  agree  well  with  Geikie's  and  Chamberlin's 

•Am.  Geologist,  vol.  x,  pp.  69-80.  with  tbree  plates  (sections  itad  &  map),  Aug.. 
1S92. 

tAm.  Joor.  Set.  in.  vol.  xlTill,  pp.ffS-ll3.  Aug..  1861. 

UamesGelkle.  Tbe  Great  loe  Age,  three  edltlona.  1813,  ISTT,  aod  ISM,  notably  pp. 
7Tt,7TG,in  the  third  edition;  Journal  at  Gaolosy.  vol.  U,  p.  T3D.  Oot.-NOT.,  ISM;  Am. 
Geologist,  Tol.  XV,  p.  M,  Jan.,  Kas. 
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complex  history  of  wavering  glaciation,  and  also  with  its  es- 
sential geologic  unity  and  brevity  which  have  been  insisted  on 
by  Dana,  Wright,  Hitchcock,  Lamplugh,  Kendall,  Falsan, 
Hoist,  Nikitia,  and  other  glaoialists.  To  my  mind  the  diversity 
and  the  unity  of  this  period  seem  like  the  opposite  gold  &&d 
silver  sides  of  the  proverbial  shield,  concerning  which  two 
knights,  each  having  seen  only  one  side,  valiantly  contended. 

Widely  extended  depression  of  the  ice-burdened  land,  until 
mostly  it  had  somewhat  less  altitude  than  now,  initiated  tbe 
comparatively  short  final  epoch  of  the  Glacial  period.  Tem- 
perate and  warm  climatic  conditions  on  the  ice  border,  nearly 
as  now  on  the  same  latitudes,  then  melted  away  the  ice  rapidly; 
its  chief  stage  of  loess  deposition  attended  the  early  part  of 
this  glacial  retreat;  the  partially  unburdened  laud  began  to 
rise  by  a  moderate  uplift,  approximately  proportional  to  the 
glacial  melting  and  nearly  keeping  pace  with  it;  and  coospicu- 
ous  belts  of  morainic  drift  were  amassed  whenever  the  st«ep 
waning  ic&-f ront  slackened  its  departure,  or  halted,  or  for  any 
short  time  re-advanced.  The  general  but  fluctaating  retreat 
of  the  ice-sheet  at  length  uncovered  all  tbe  country  and  consti* 
tuted  the  closing  or  Champlain  epoch  of  the  Ice  age,  so  named 
from  the  marine  beds  of  that  time  overlying  the  till  in  the 
hasin  of  lake  Champlain  and  along  the  St.  Lawrence  and  Ot- 
tawa valleys,  by  which  the  vertical  extent  of  the  subsidence 
terminating  the  Glacial  period  and  of  the  succeeding  re-eleva- 
tion is  measured. 

Adopting  the  helpful  new  nomenclature  proposed  by  Cham- 
berlin,*  we  may  provisionally  formulate  the  minor  time  divi- 
sions of  the  Glacial  and  Champlain  epochs  aa  follows.  Tbe 
order  of  this  table,  as  of  the  former  more  comprehensive  one, 
is  stratigraphic,  so  that  for  the  advancing  sequence  in  time  it 
should  be  read  upward. 

NoTB.  If  we  seek  to  compare  ihls  table  with  tbe  Glacial  series  In 
Europe,  It  should  flrst  be  remarked  that  In  tbe  Alps  there  were  three 
chief  stages  of  growth  of  the  glaciers  far  be; ond  their  present  limits,  the 
second  being  the  maximum  advance,  doubtless  contemporaneous,  as 
shown  by  Gelkle,  with  tbe  maximum  extension  of  the  Ice-sheet  apoD 
northern  Europe.  The  first  glacial  stage  of  tbe  Alps,  which  also  appean 
to  have  left  traces  in  southern  Sweden  not  wholly  obliterated  by  the  next 
and  greater  glaciation,  may  be  represented  in  America  by  the  till  beneath 

*ln  tnocbBLpterj  (pKzesi  T?*-T^,  Willi  mnpatoriDlDgplsteBilT  and  iv)  of  J.  Oelkle'^ 
"Tbe  Great  Ice  Age."  third  edition.  18M.  Vrot.  T.  C,  Ohftidb«rI!n  propciies  &  cb ronolot^lc 
claaslficBtion  of  the  North  Aiuerlcan  Orift  under  three  formation*,  named  !□  theordtr 
ol  their  HE e.  bei; Inning  witb  tbe  earliest,  llie  Kmisbd,  East  lowan.  and  East  Wlsconaln 
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the  interglaelal  lignite  Id  the  baaio  of  James  bay,  and  these  may  belODK 
to  the  time  of  Dorthern  winters  in  aptaellOQ  some  50,000  yeais  aj^o. 
The  second,  third,  aod  fourth  glacial  staftes  of  the  European  Ice  i^e,  as 
tabulated  by  Geikle,  are  then  seen  to  be  wholly  aoalc^ous  in  characteris- 
tics of  Ice  extension  and  drift  deposition,  and  tbey  were  probably  also 
time  equivalents,  respectively,  with  the  Kansan,  lowao,  and  Wisconsin 
stages  Id  the  United  States  and  Canada.  Id  each  continent  the  later- 
glacial  time  between  the  Kansao  aDd  lowaD  stages  bad  great  suba^rlal 
erosion  because  of  the  continuing  high  elevation  of  the  land;  and  the 
latest  or  moraine-forming  stage  of  the  glaciation  seems,  alike  in  Europe 
and  America,  to  have  belonged  to  the  mainly  rapid  but  fluctuating  floal 
retreat  of  the  ice,  showing,  as  I  think,  that  each  Ice-sheet  had  In  Its  lower 
part  much  englaclal  drift- 

Epoc?i8  and  Stages  of  the  Olacial  Period. 

Uoderate  r«-elevatlaDDt  tbe  land,  advKDc- 
Ing  as  a  permanent  wave  trom  south  to 
north  and  DortheMt:  continued  retreat  of 
the  toe  along  moat  of  Its  eiteat.  but  Ita 
maximum  ad vanoe  !□  southern  New  Eng- 
land, with  fluotuatlons  and  the  formation 
of  prominent  marginal  looralaes;  great 
glaolnl  lakes  on  the  DDrthern  borders  of  the 
TInltsd  Stales;  slight  glacial  oho!] latlona, 
with  temperate  ollroate  nearly  as  now, 
at  Toronto  and  Soarboro'i  the  sen  Onally 
admltled  tothe  Bt.  Lawrence,  Obamplaiii. 
and  Ottawa vallers;  upllfttothe  preaent 
hlght  oomp1et«d  soon  after  the  departure 
of  the  loe.  (The  great  Baltic  glacier,  and 
Enropoaa  marginal  moralneB.) 

I  Depression  of  the  Ice-covered  area  from  Ita 
high  Glacial  elevHtlon;  retreat-of  the  Ice 
from  its  former,  lowan  llmltB;  abundant 
depoaliloQof  loess. 
fBenewed  Ice  HCCumuIaUon,  covering  Oie 
J  forest  beds  and  extending  south  neartj  to 
I  Its  early  bonndary .  (Third  Eartq>ean  gla- 
l    clal  stage.) 

[Extensive  glacial  recession  In  the  upper  part 
J  of  the  UlsalsBlppi  basin;  cool  temperate  ell- 
i  mate  and  oonlferoua  forests  up  to  the  van- 
j  lag  tee  border;  much  erosion  of  the  early 
L   drift. 

'  Haitmuni  extent  of  the  Ice-sbeet  la  the  In- 
terior of  Nortb  America,  and  also  eastward 
In  northern  New  Jersey.    { maximum  gla- 


Obamplain  EIraoH. 

(Land  depression: 
dlsappearanoe    o  (. 

the  loe-sheet;  par- 
tial re -elevation  of 
the  land.) 


Wisconsin  Stxaa. 


Chahplaik 


lOWAN  Staoe... 


OtiAOUL    EPOOB... 

(loa  accumalatlon. 
due  to  the  ouimi- 

fayette  epelrogen- 
lo  uplift.) 


Kansan  StAoi. 


Including  an  early  glacial  recession  and  re- 
advance,  as  shown  by  beds  of  Interglaolal 
o  f  flnotuatlon  i  n      lignite  Id   the  region  of  the  Moose  and 
I  e  general  growth       Albany  rivers,  tributary  to  James  bay. 
oftbe  loe^heet,  (First  glacial  stage  In  the  Alps.) 
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NOTES  ON  MINNESOTA  MINERALS. 


By  Chas.  p.  Berkey. 
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Several  minerals  already  well  knowD  in  Minnesota  and 
others  not  recognized  in  former  reports  as  occurring  in  this 
state  have  been  analyzed  and  reported  to  the  Minnesota  Acad- 
emy of  Natural  Sciences  from  time  to  time.  The  investiga- 
tions have  been  carried  on  in  the  laboratories  of  the  University 
of  Minnesota,  and  the  materials  fiimiBhing  the  basis  of  these 
notes  are  among  the  specimens  of  the  department  of  geology 
and  mineralogy. 

MINERALS   PROM  AMYGDALOIDAL  DIABASE  AT  GRAND  MARAIS. 

Nos.  1541  to  1548  inclusive  are  all  from  Grand  Marais,  and 
together  form  a  group  of  s'pecimens  which  was  originally  a 
geode  in  the  amygdaloidal  diabase  at  that  place.  The  rock  in 
which  the  minerals  was  found  is  an  altered  phase  of  the  dia- 
base BO  well  known  in  the  Lake  Superior  region.  The  rock  at- 
tached to  the  minerals  and  in  immediate  contact  is  of  a  dark 
brown  color  sometimes  tinged  with  green;  and  the  vesicles, 
filled  and  partly  filled,  are  so  abundant  as  to  make  up  almost 
half  of  the  bulk  of  the  rock.  All  of  them,  however,  are  com- 
paratively small,  the  average  being  about  one-fourth  of  an 
inch  in  length.  Most  of  them  are  well  filled  with  one  or 
more  of  the  minerals,  calcite,  laumontite,  strigovite,  apophyl- 
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lite  and  quartz.  Among  these,  laumontite  and  strigovite  fill 
the  greater  number  of  amygdules.  Quartz  is  present  in  Bmall 
quantities. 

Thin  sections  of  this  rock  show  that  the  original  augitic  con- 
.  stituent  has  entirely  disappeared  and  a  greenish  chloritic  sub- 
stance has  in  part  taken  its  place.  Tne  feldspar  constituent 
has  altered  so  much  that  few  places  are  sufftciently  fresh  to  ' 
ground  a  determination  upon.  Tests  indicate  labradorite. 
Quartz  Is  found  sparingly,  lining  some  of  the  cavities  and  fill- 
ing some  of  the  small  fissures.  It  also  sometimes  forms  a  thin 
layer  between  the  calcite  and  the  rock. 

Chlorite  is  found  scattered  throughout  the  section.  It  may 
be,  however,  that  it  is  not  identical  with  that  filling  the  amyg- 
dules. 

The  calcite  is  at  several  places  developed  into  imperfect  crys- 
tals of  dog  tooth  spar.  The  greater  part,  however,  is  found 
filling  the  cavities  and  spaces  between  the  other  minereils.  It 
is  almost  pure  CaCOg,  carrying  only  a  trace  of  MgCOg  and  0. 15 
per  cent,  of  insoluble  matter. 

This  rock  gave  the  following  chemical  analysis: 

ANALYSIS  OF  AHTODALOID&L  DIABASE. 

SiO 65.40  percent. 

Al.O, 22.55  "  " 

Fe.O, 14.67  "  " 

FeO 3.75  "  " 

MgO .74  "  " 

CaO 1.41  "  " 

H.0 97  "  " 

Total W.49 

Apophytlite. 
This  mineral  partially  filled  the  geode  with  numerous  small 
well  formed  crystals.  It  is  the  first  occurrence  of  the  mineral 
noted  in  Minnesota.  The  crystals  are  partially  imbedded  in 
the  laumontite  and  also  in  direct  contact  with  both  the  calcite 
and  the  rock.  All  are  colorless  to  white  and  are  transparent 
to  translucent.  Pew  measurements  have  been  made,  but  the 
forms  are  easily  determined.  The  only  forms  noted  are: 
coP,  p  CO,  OP,  comprising  the  prism  of  the  second  order,  pyra- 
mid of  the  first  order.and  basal  pinacoid.  Although  there  are 
so  few  forms,  there  is  considerable  variety  in  the  degree  to 
which  one  form  in  the  combination  predominates  over  the  ' 
other.     Some  of  the  surfaces  are  so  heavily  striated  as^  i 
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seriously  interfere  with  measurements  bv  reflection.  Some  of 
the  smallest  crystals  are  very  pure  and  clear.  The  specific 
gravity  of  the  l>est  material  is  2.34.  All  the  reactions  and  char- 
acters agree  with  apophyllite. 

In  obtaining  material  tor  analysis  a  good  deal  of  difficulty 
was  experienced  from  the  laumontite.  which  penetrates  all  the 
crystals  to  such  an  extent  that  only  very  minute  fragments  of 
sufficient  purity  could  be  obtained.  The  centre  of  nearly  every 
crystal  is  occupied  by  needles  of  pink  laumontite,  and  in  thin 
sections  they  can  be  traced  even  further  into  the  clearest  por' 
tiou.  One  of  the  elements  usually  found  in  apopbyllite,  flu- 
orine), was  not  found  in  sufficient  quantity  to  estimate,  al- 
though a  trace  of  it  is  indicated  by  qualitative  tests. 

ANALTBI8  OF  APOFHYLLITE 

SIO .5261  percent. 

Al.O, .67    "  " 

Fe,0, trace. 

CaO 26.22    "  " 

MgO n    '■  " 

K.0 3.03    "  " 

Na.0 1.71     '■  " 

HPl trace. 

H,0 16.n    "  '■ 

Total 99.58 

In  this  analysis  lK)thAl,Os  (.67 per  cent.)  and  the  trace  of 
Fe,0,  are  probably  due  to  the  minute  needles  of  laumontite 
that  could  not  be  avoided  in  the  selection  of  material. 
LauTiwntUe. 
This  mineral  fills  many  of  the  amygdules.  It  is  in  fine 
needles  and  in  places  is  partially  broken  down  to  a  powder. 
The  needles  pierce  the  calcite  as  well  as  the  apophyllite,  This 
is  one  of  the  most  common  of  the  minerals  of  the  amygdaloidal 
rock  at  many  other  places. 

ANALTSIS  OF  LAnHOKTrrE. 

SiO. 63.87  percent 

Al.O 18.06  "  " 

Pe.O, 88  "  " 

CaO 11.19  "  " 

MgO 46  "  " 

K,0 .29  "  " 

Ka.0 67  "  " 

H,0 13.18  "  " 

Total .98.59 
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Strigovite. 
The  chloritic  mineral  which  is  referred  to  strigovite  fills 
many  of  the  amygdules  as  closely  fitting  pellets  of  a  soft  green 
substance  which  does  not  cling  to  the  walls  and  can  be  easily 
removed  entire.  The  outer  smooth  surface  of  each  pellet  is 
usually  covered  with  a  light  brown  powdery  coating.  There 
is  throughout  a  definite  fibrous  arrangement  shown  in  thin  sec- 
tion. Good  sections  across  these  amygdules  are  difiScult  to  obtain, 
however,  on  account  of  the  difference  in  hardness  of  the  parts. 
But  with  the  aid  of  such  a  section  it  is  not  entirely  certain  tliat 
the  green  alteration  product,  already  referred  to  in  speaking 
of  the  rock,  scattered  in  small  quantities  through  the  section, 
is  identical  with  the  green  mineral  filling  the  amygdules.  It 
resembles  in  all  respects  the  "viridite",  "delesaite",  "chloritic 
substance",  etc.  of  writers  on  these  rocks.  It  was  with  a  good 
deal  of  satisfaction  that  finally  a  full  chemical  analysis  was 
completed  of  this  green  mineral  from  the  amygdules. 

ANALVSIS  OF  STRIGOVITE. 

SIO, 33.14  per  cent. 

Al.O, I3.2B    ■'  " 

Pe.O, 24.20  "  " 

FeO 12.19  "  " 

CaO 1.50  "  " 

MgO 3.49  "  ■' 

H,0 12.31  ■'  ■' 

Total 100.06 

This  chemical  analysis  agrees  more  closely  with  strigovite 
than  with  any  other  of  the  chlorites. 

Datolitb, 

No.  1518  is  datolite.  Several  specimens  of  this  mineral 
have  been  found  on  the  lake  shore  near  Flood  bay  in  sec.  29, 
T.  53. N.,  R.  low.,  by  Mr.  Brandt  and  Mr.  A.  H.  Elftman. 

The  color  of  the  mineral  is  almost  pure  white;  shape, 
nodular;  texture,  compact  and  very  finely  crystalline.  The 
specimens  show  a  concboidal  fracture  and  have  an  opaque, 
somewhat  earthly  appearance.  The  microscope  and  thin  sec- 
tion reveal  a  micro  crystalline  structure.  The  hardness  is 
about  4. 5  and  the  specific  gravity  2.9.  Small  fragments  are 
easily  fusible  with  intumescence  to  a  clear  glass  and  give  off 
water.     All  tests  agree  perfectly  for  datolite.  ,->  . 
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ANALYSIS  OK  DATOLITE. 

SIO, 36.80  per  cent 

AI,0,  aad   Fe.O,     1.51     "      " 

CaO S5.67    •'      " 

B,0,  hy  diff 20.32    "      " 

H,0 5.80    '■      ■' 

Total 100.00 

The  Lake  Superior  rej^ion  is  the  only  locality  reporting  this 
variety  of  datolite.  These  specimens  are  similar  in  all  physical 
characters  to  the  mineral  reported  by  Prof.  J.  D.  Whitney*  from 
the  vein  stuff  of  the  Minnesota  mine  on  the  south  shore  of  lake 
Superior.  And  the  chemical  analysis  varies  but  little  from 
that  given  by  Chandler.f 

Datolite  is  found  cbieQy  as  a  secondary  mineral  in  basic 
eruptives  with  such  associated  minerals  as  calcite  prehnite  and 
various  zeolites.  All  these  conditions  are  met  at  Flood  bay,  but 
so  far  no  specimen  of  this  mineral  has  been  taken  from  the 
rock  in  place.  From  its  occurrence  among  the  pebbles  where 
foreign  debris  is  to  some  extent  mingled  with  that  of  local 
derivation,  it  is  evident  thai  the  mineral  may  ba%'e  adrift 
origin.  The  direction  of  the  later  glacial  movements  would 
make  it  possible  for  these  pebbles  to  be  carried  from  the 
localities  where  this  variety  has  long  been  known,  and  de 
posited  as  drift  where  they  are  now  found.  Therefore  the  only 
positive  fact  of  its  occurrence  in  Minnesota  is,  that  datolite  is 
found  as  nodules  among  the  pebbles  on  the  shore  of  lake 
Superior. 

TRAVERTINE. 

In  connection  with  certain  questions  relating  to  the  Magnes- 
ian  series  of  rocks  in  Minnesota,  the  travertines  from  some  of 
the  limestone  and  dolomyte  beds  have  been  investigated.  One 
specimen  was  selected  from  the  compact  travertine  as  it  occurs 
at  Minneapolis  to  represent  a  deposit  from  a  limestone.  The 
other  is  from  a  similar  deposit,  occurring  near  Osceola,  Wis., 
representing  the  dolomytes.  The  Minneapolis  material  is  not 
the  product  of  a  typical  limestone,  although  the  percentage  of 
MgCO,  is  comparatively  low.  The  Osceola  material  is  de- 
posited beside  almost  a  typical  dolomyte. 

•Amor.  Jotir.  8c[.,  ii,  vol.  xxvlll,  pp.  19-13.  ISSB. 
tlbld.,  p.  IS. 
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It  is  beyond  my  present  purpose  to  discuss  any  bearing  such 
analyses  may  have  upon  those  questions  -which  incited  the  in- 
vestigation. It  is  sufficient  to  give  the  results  of  these  analy- 
ses for  the  equal  beneSt  of  those  following  similar  lines  of  re- 
search. 

AMALVSES  OF  TRAVERTINE, 

MluDeapolis.       Osceola. 

OaCO, 98.01  98^ 

HgCO, 1.44  1.75 

Totals e».45  99.95 

MARL. 
No.  1549. — Recently  upon  draining  a  slough  at  Fergus  Falls, 
a  bed  of  marl  was  found  beneath  about  two  feet  of  black  mud. 
The  marl  bed  is  reported  as  having  a  thickness  of  from  two 
to  two  and  a  half  feet.  It  is  a  soft  loose  shell  deposit  in 
which  many  of  the  shells  are  still  quite  well  preserved.  In 
color  it  is  light  gray.  It  easily  crumbles  for  the  most  part  to 
a  fine  powder.  An  investigation  of  this  material  was  desired 
in  order  to  estimate  its  value  as  a  fertilizer.  And,  because  like 
deposits  may  be  found  in  many  other  localities,  it  seems  ad- 
visable to  render  some  general  opinion  of  their  value. 

ANALYSIS  OF  MAKL. 

InsoluMe  portion:— largely  SiO, 4.010  per  cent. 

Solubleportion:— Ai,0,+Fe,0:, 1.160  "  ■' 

CaO 50.402  "  " 

MgO 2.144  "  " 

CO, 41.825  "  " 

P.O. 128  "  '■ 

Loss  aad  orgaatc  matter 333  "  " 

Total 100  00 

Estimating  the  lime  and  magnesia  as  carbonates  we  should 
have  the  following  percentages: 

CaCO, 89.744 

MgCO, '. 4.480 

Ca.P.O, 275 

It  is  safe  to  predict  that  other  marl  beds  in  our  state  will 
give  essentially  the  same  results.  The  variable  constituents 
would  most  likely  be  an  increased  amount  of  the  insoluble 
matter  and  a  corresponding  decrease  of  calcium  carbonate. 
Under  slightly  different  circumstances  the  organic  matter  is 
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much  increased  as  a  natural  consequence  of  the  ^adual  shal- 
lowing of  the  lake  or  pond  and  the  establishing  of  conditions 
favorable  to  t^e  formation  of  peat,  It  is  not  probable  that 
phosphoric  acid  is  present  in  any  of  our  marls  in  sufficient 
quantity  to  be  of  mach  economic  importance.  Two  other  sam- 
ples of  marl  taken  from  other  localities  give  the  same  reac- 
tions, and  the  different  constituents  would  show  little  variation 
from  the  amounts  given  above. 

In  some  of  the  states  marl  is  extensively  used  as  a  fertilizer. 
The  most  valuable,  however,  have  been  the  greensauds  which 
are  much  used  in  New  Jersey,  and  the  results  of  an  extended 
series  of  investigations  are  given  in  the  annual  report  for 
1886  by  the  state  geologist.  Those  points  in  his  conclusions 
upon  the  relative  value  of  marts,  which  bear  directly  upou  the 
present  case,  may  be  briefly  stated  as  follows : 

1.  The  most  valuable  marls  are  those  which  contain  the 
largest  percentage  of  phosphoric  acid.  The  value  of  this  con- 
stituent is  about  6  cents  per  pound.  The  percentage  multi- 
plied by  20  will  give  the  number  of  pounds  per  ton. 

2.  The  most  durable  marls  are  those  containing  large  quan  - 
titles  of  carbonate  of  lime.  When  a  marl  crumbles  to  a  fine 
powder  it  is  more  valuable  than  the  coarser  material. 

3.  All  forage  crops  are  particularly  improved  by  m^ls. 
The  green  marls  are  spread  upon  the  surface  in  the  field  to  the 
amount  of  from  100  to  400  bushels  per  acre.  Other  marls  must 
be  used  in  larger  quantities,  but  will  produce  good  results. 

4.  The  beneficial  effect  of  one  application  of  green  marl  has 
been  observed  to  last  for  from  IS  to  15  years. 

One  of  the  best  sources  of  imtormation  is  the  work  entitled: 
"Agriculture  in  some  of  its  Relations  with  Chemistry,"  by  F. 
H.  Storer.  The  points  of  direct  importance  are  condensed  into 
the  following: 

1.  Carbonate  of  lime  tends  to  prevent  puddling  of  clayey 
soils.  The  stone-like  clods  found  in  certain  qualities  of  clay 
are  serious  hindrances  to  plant  growth  and  are  often  improved 
by  marls.     After  rains  clays  becomes  less  sticky. 

2.  The  improvement  of  the  texture  of , clayey  soils  is  a 
practical  fact  of  the  very  first  importance. 

3.  Generally  speaking,  unless  appreciable  quantities  of 
phosphoric  acid  are  present,  it  is  only  the  carbonate  of  lime  in 
a  marl  that  gives  it  fertilizing  power.  Marls  can  rarely  do  any 
harm  for  there  is  nothing  hurtful  in  them. 
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4.  The  physical  condition  of  the  marrl  has  mach  to  do  with 
its  value.  Easily  pulverizable  varities  are  best.  They  mast 
fall  to  powder  under  the  action  of  the  atmosphere. 

5.  Carbonate  of  lime  is  helpful  for  nitrification. 

6.  "Root  crops"  are  more  subject  to  disease  and  failure  on 
soils  lacking  lime.  On  poor  sandy  soils  the  best  fertilizers  are 
never  so  beneficial  and  lasting  in  their  effect  as  when  marl  or 
lime  has  been  first  applied. 

The  points  noted  above  are  sufficiently  clear.  There  is,  how- 
ever, among  writers  on  this  subject  a  wide  diversity  of  views 
as  to  the  importance  and  true  value  of  marls.  The  present 
tendency  is  certainly  more  favorable  to  them.  It  is  a  well- 
recognized  fact  among  geologists  that  Umestone  areas  are  pre- 
eminently fertile.  It  seems  reasonable  that  increasing  such 
constituents  in  other  soils  would  be  invariable  bene&cial. 

In  concluding  this  part  of  the  subject,  we  must  note  that 
calcium  carbonate,  which  forms  almost  ninety  per  cent,  of  the 
marl,  is  the  material  most  in  question.  Therefore  marl  would 
prove  most  beneficial: 

1.  Oq  poor  sandy  soils  with  other  fertilizers. 

2.  On  heavy  clay  soils,  chiefly  to  improve  the  texture. 

3.  On  soils  soured  and  too  acid,  in  affording  the  alkaline 
condition  essential  to  nitriflcation  and  the  preparation  of  plant 
foods. 

4.  On  soils  lacking  a  lime  constituent. 

The  physical  condition  of  the  marl  is  very  favorable  for  easy 
application  and  complete  crumbling.  The  ease  with  which 
similar  marls  may  be  obtained  in  many  places,  white  other 
fertilizers  are  comparatively  expensive,  will  no  doubt  nfake 
this  subject  more  important  as  an  economic  question  as  the 
need  of  a  fertilizer  becomes  more  apparent. 

A  point  not  yet  touched  upon,  ^nd  needing  only  to  be  men- 
tioned is — that  marls  of  so  high  a  percentage  of  calcium  carbo- 
nate will  bum  to  a  good  lime  for  local  use.  Incase  the  soil  is  not 
of  such  nature  as  to  require  the  marl,  this  other  use  may  prove 
of  value.  In  some  cases  a  very  good  quality  of  lime  can  cer- 
tainly be  produced. 

Some  of  the  shells  in  this  marl  were  very  well  preserved, 
although  all  of  them  are  frail.  In  order  to  make  comparisons 
with  the  fauna  of  our  present  lakes  it  became  necessary  to 
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have  the  species  determined.  Accordingly,  a  sample  of  the 
marl  including  some  of  the  best  shells  was  sent  to  Mr.  H.  A. 
Pilsbry,  of  Philadelphia,  who  has  reported  the  following: 

1.  PianorWs  bicarinotvs  Say. 
1.  "         campaniiUUua  Say. 

S,  "       parvus  Say. 

4.  "         cUifleetus  Say. 

5.  "         exacutua  Say. 

6.  Idmncea  galbana  Say. 

7.  Physa  tUipHca  Lea. 

8.  Faiuata  Iricarinaia  Say. 

9.  Amnicola  limoaa  Say. 

10.  "         luttrica  Pilsbry. 

11,  Ptmdium  abditum  Haldemiin. 

IS.     Sphcerium.     Fragmects  only.    Species  undetermiDed. 

Mr.  Pilsbry  farther  remarks  that  No.  6,  Limnaa  galbana 
Say,  was  described  from  the  bed  of  a  small  lake  in  New  Jer- 
sey and  is  not  known  to  occur  living.  It  is,  however,  closely 
allied  to  a  recent  species.  There  is  nothing  in  the  shells  to 
indicate  any  especially  different  climate  from  that  of  Minne- 
sota or  Michigan  to-day.  although  a  similar  modern  pond  weald 
be  likely  to  produce  certain  large  species  of  Limvuea  in  Minne- 
sota, such  as  L.  stagnalis,  refiexa,  palustris,  etc 

All  of  these  species  except  Nos.  6  and  10,  Limncea  gaUnina 
Say,  and  Amnicola  lustrica  Pilsbry,  have  been  reported  from 
the  lakes  and  rivers  of  our  state.  L.  atagntUis  and  L.  palustrh 
are  noted  by  both  Dr.  TJ.  S.  Grant  and  Prof.  J.  M.  Holzinger 
in  the  16th  Ann.  R.  of  the  Minn.  G-eological  and  Nat  Hist  Sur- 
vey,    Several  species  of  Sphcerium  have  also  been  reported- 

A  further  examination  of  this  marl,  when  larger  quantities 
can  be  obtained,  will  no  doubt  add  to  this  list.  Until  this  part 
of  the  subject  can  be  more  thoroughly  investigated  no  conclu- 
sions or  remarks  can  have  any  definite  value. 

I  am  indebted  to  C.  A.  Ballard,  Supt.  of  the  Fergus  Falls 
schools,  for  the  material  with  which  all  the  work  has  been 
done;  and  to  H.  A.  Pilsbry,  conservator  of  the  coachological 
section  of  the  Acad,  of  Nat.  Sci.,  Philadelphia,  for  his  aid  in 
this  note. 
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CHEMICAL  ANALYSES. 


Below  are  given  the  resalts  of  the  chemical  work  done  for 
the  survey  since  the  analyses  last  reported  (19th  Ann.  Bept.. 
pp.  121127).  These  analyses  were  made  by  Prof.  J.  A.  Dodge, 
Prof.  C.  P.  Sidener.  Mr.  A.  D.  Meeds  and  Mr.  A.  J.  Ham- 
mond, in  the  chemical  laboratory  of  the  Uoiversity  of  Minne- 
sota, and  the  following  report  of  them  was  prepared  under  the 
direction  of  Prof.  G.  B.  Prankforter. 

Chemical  Series  No.  217. 
Pyroxene.     Analysis  by  C.  P.  Sidener. 

SlHca SIO,     -53.19  per  cent. 

Alumina A1,0,       2,38 

Ferric  oilde Fe.O,      9  25 

Ferrous  oxide FeO  5.15 

Lime CaO        n.8l 

Magnesia MgO        9.43 

Potassa K.O  .38 

Soda Na.O       2.63 

Water H.O  .01 

Total 10023 

Chemical  Series  No.  218. 
"Soft"  copper.     Analysis  by  J    A.  Dodge. 


Lead Pb  slight  trace. 

Antlmonr Sb  Lrace. 

Iron... Fe  .oepercent. 

Sulphur S  .03    '■      ■' 

Copperibydifl.) Cu  98.91    "     " 

Total 100.00 

The  'soft"  copper  is  well  refined. 

Chemical  Series  No.  219. 
"Hardened"  copper.     Analysis  by  J.  A.  Dodge. 

Lead Pb  trace. 

Antimony Sb  .35  per  cent. 

Iron  Fe  1.34    "     " 

Sulphur S  .33    "      " 

Phosphorus P  .01    "     " 

Copper  (by  diff.) Cu  97.66    "     " 

Total 100.00 
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The  analysis  seems  to  show  that  the  "hardened"  sample  is 
□othing  but  unrefined  or  imperfectly  refined  copper,  conbus- 
iug  foreign  substances  derived  from  the  ore. 

Chemical  Series  No.  220. 
Iron  ore.     Analysis  by  C.  P.  Sidener, 

Sflloa SiO,       10.25    percent. 

Alumina Al.O,       .98      '■      '■ 

Ferric  oxide  (Fe=59.Ml). Fe.O,  84.63     "     " 

Water H.O       4.01     "     " 

PhoBphorus P  .046    "     " 

Manganese Mb        trace, 

MagneBium Mg       trace. 

Oalclum Ca        oooe. 

Sulphur S  none. 

Total 99.916 

Chemical  SiauES  No.  221. 
Sample  of  rock.     Analysis  by  C.  P.  Sidener. 

Silica SiO,  52.94  percent 

Alumina Al  ,0,  14.70  "  " 

Ferric  oilde Fe.O,  2.52  "  " 

Ferrous  oxide FeO  7.60  "  " 

Lime CaO  6.56  "  " 

Magnesia MgO  4.49  "  " 

Potassa K,0  .0*  "  " 

Soda Na,0  3.09  "  " 

Carbonicacld CO,  4.86  "  '■ 

Water H.O  2.04  '"  " 

Total 99.(M 

Chemical  Series  No.  222. 
Sample  of  rock.    Analysis  by  C.  P.  Sidener. 

Silica SIO,  60.61  percent. 

Alumina A1,0,  16.61  -  " 

Ferric  oxide Fe.O,  1.97  "  " 

Ferrousoxlde PeO  5.09  "  '• 

Lime CaO  4.46  "  " 

Magnesia MgO  3.10  "  " 

Potasaa K,0  .25  "  " 

Soda Ha.O  3.11  "  " 

Carbonicacld CO,  1.57  "  " 

Water H,0  2,45  "  " 

Total 99.22 


>yCOOglC 


state  geologist,  205 

Chemical  Series  No.  223. 
Supposed  bog  manganese.     Analysis  by  J.  A.  Dodge. 
Found  only  a  trace  of  manganese,  the  material  being  clay 
mixed  with  peaty  matter. 

Chemical  Series  No.  224. 
Feldspar.     Analysis  by  J.  A.  Dodge. 

Silica SiO,  61.45  per  cent. 

Alumina A1,0,  31.94    "      '■ 

Ferric  oxide Fe,0,  trace. 

Lime CaO  14.31  per  cent. 

Magnesia MgO  .27    "     " 

Soda Na.O  .85    "     " 

Potasaa K,0  .21    "     '■ 

Water. H,0  ,68    "     " 

Total 99.71 

Chemical.  Series  No.  225. 
Supposed  bog  manganese.     Analysis  by  J.  A.  Dodge. 

Carbonaceous  matter  (by  equatloo) 57.16  per  cent. 

Silica SiO,        28.55    "      " 

Alumina A1,0,      5.19    "      " 

Ferricoxide Fe.O,        .98    "     " 

Black  oxide  of  maaganese MuO,        .48    "      " 

Total 92.36 

CaO,  MgO,  Na,0.  K,0.  C0„  SOg  and  P,0,  present  but  not 
determined  quantitatively. 

Analysis  of  Mineral  Water. 
Sample  of  water  from  a  deep  well  at  St.  James.  Minn.,  at 
depth  of  about  500  feet.    Analysis  by  J.  A.  Dodge. 

Mineral  matter  tn  suspension 844.47  grains  per  U.  S.  gal. 

"         "  "  solution 130.88      "        "      " 

Total 976.36  grains  per  TJ.  S.  gal. 

Composition  of  matter  in  suspension: 

Oxide  of  Iron large  quantity. 

Carbonate  of  lime small       *' 

Clay very  large  quantity. 

Composition  of  matter  in  solution: 

Sulphate  of  lime 103.19  grains  perT7.  S.  gal. 

Carbonate  of  il me moderate  quantity. 

magnesia small  " 


Chloride  of  sodium.. 
Fotaah  salts.. 
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Reaction  slightly  alkaline. 

The  water  was  very  turbid   with  red  clay;  it  was  easily 
clarified  by  filtration  through  paper. 

Chemical  Series  No.  226. 
Granite.    Analysis  by  J,  A.  Dodge. 

Silica SIO,  66.84  per  cent. 

FhoBphorIc  oxide. PiO,  trace. 

Alumina AI.O,  18.22  "  " 

Ferric  oxide Fe.O,  2.37  "  " 

Ferrous  oxide PeO  .20  "  " 

Lime CaO  3.31  '  " 

MagDeala MgO  .81  '■  '■ 

Potassa : K.O  2.80  "  " 

Soda Na.O  5.14  "  " 

Water H,0  .46  "  " 

Total 100.05 

Chemioal  Series  No.  227. 

Feldspar.     Analysis  by  C.  F.  Sidener. 

Silica SiO,  67.99  percent. 

Alumina AI.O,  19.27  "  " 

Ferric  oxfde Fe,0,  .82  "  " 

Lime CaO  .75  "  " 

Magnesia MgO  .02  "  " 

Potassa K.O  3.05  "  " 

Soda Ha.O  6.23  "  " 

Water H,0  .90  "  " 

Total 9B.03 

Chemical  Series  No.  228. 

Hornblende  porphyryte.    Analysis  by  J.  A.  Dodge, 

Silica SiO,  60.32  per  cent. 

PhoBphorlc oxide.,.. P,0,  .12  "  '• 

Alumina Al.O,  15.80  '■  " 

Ferric  oxide Fe.O,  5.42  "  " 

FerroQsoxide FeO  .89  "  " 

Lime CaO  4.66  "  " 

Magnesia. MgO  6.08  "  " 

Potassa K,0  1.82  "  " 

Soda Na.O  4.09  "  " 

Water H.0  1.67  "  " 


Total 99.86 
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Chemical  Se^es  No.  229. 
■Winnebago  meteorite.    Analysis  by  C.  F.  Sidener. 

Silica SIO,  38.23  percent 

Alumioa Al.O,  2.39  "  " 

Ferrousoxide FeO  594  "  " 

Chromic  oxide Cr,0,  .42  "  " 

Lime OaO  1.64  "  " 

Hagnesla. MgO  23.20  "  " 

Potaeea K,0  .14  "  " 

Soda .Na.O  .81  "  " 

Iron Fe  23.21  "  " 

Nickel Ml  1.61  "  '■ 

Coljalt. Co  .07  "  " 

Uanganese Md  trace 

Copper Cu  trace 

Sulpbur S  2.08  "  " 

Phosphonia '. P  0.14  "  " 

Graphite C  trace 

Total 100.00 

Chemical  Series  No.  230. 
Metallic  part  of  Winnebago  meteorite.    Analysis  by  0.  F. 
Sidener. 

IroD Fe  87.05   per  cent. 

Nickel Ni  12.28      "      " 

Cobalt Co  .217    "     " 

Copper Cu  trace 

PhoaphoroB P  .028  per  cent. 

Total 99.675 

Chemical  Series  No.  281. 
Pellets  from  the  Winnebago  meteorite.     Analysis  by  C.  F. 
Sidener. 

Silica SIO,       47.71percent 

.     Alumioa Al.O,      6.00    "      " 

Ferrlcoilde Fe,0,      2.70    "     " 

Ferrous  oxide FeO        12.07    "      " 

Lime CaO  4.86    "      " 

Magnesia MgO       27.29    "      '■ 

Total 99.63 
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Chemical  Series  No.  232. 
Quartz  porphyry.     Analysis  by  A,  D.  Meeds. 

Silica SiO,  69; 

Alumioa ". AI,0,  18.' 

Ferric  oxide re.O,  .( 

Ferrous  oxide FeO 

Lime CaO  2.1 

Uagnesia UgO 

Soda Na,0  5.( 

PotasBa K,0  i.i 

Water H.O 

Total 99.9« 

Chemical  Series  No.  233. 
Granite.     Analysis  by  A.  D.  Meeds. 

Silica ■  SiO,  69.34  per  cent. 

Alumina Al.O,  17.26    "      " 

Ferric  oxldeKlncIudlng  FeO) Fe.O,  2.46    "      '■ 

Lime OaO  3.43    "       " 

Jlagneala MgO  1.18    '■      " 

Soda Na.O  4.33    '■      " 

Potasaa K,0  "71    "      ■' 

Water H.O  1.17    "      " 

Total 99.87 

Chemical  Series  No.  234. 
"Muscovado."    Analysis  by  A.  D.Meeds. 

Silica SIO,  49.07  per  ceDt. 

Alumina Al.O,  17.21    "      " 

Ferric  o^ide Fe.O,  .46    "      '• 

Ferrouaoxlde FeO  12.68    "      -' 

Lime CaO  9.66    "      " 

Magnesia MgO  3.60    "      " 

Soda Na.O  2.96    "      " 

Fotassa K,0  trace. 

Carbonic  add CO,  2.70  per  ceot. 

Hanganese MoO  trace. 

Water H,0  1.65p6rceot. 

Total 99.89 
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Chemical  Series  No.  235. 
Taconyte.     Analysis  by  C.  F.  Sideuer. 

Silica SIO,  86.35  p 

Alumina A1,0,  .78 

Ferric  oiJde Fe.O,  7.41 

Ferrous  oxide FeO  3.46 

Lime CaO  .01 

Hagneaia MjiO  .06 

Potassa K.O  .01 

Soda Ha.O  .12 

Carbonic  acid CO,  1.28 

Water H.O  .01 

Total W.42 

Chemical  Series  No.  236. 
Taconyte.     Analysis  by  C.  F.  Sideuer. 

Silica SiO,  41.73  percent. 

Alumina A1,0,  4.07    "      " 

Ferric  oxide Fe,0,  14.43    "     " 

Ferrousoxlde FeO  19.86    "     " 

Lime. OaO  .02    "     " 

Magnesia MgO  4.41    "     " 

Potaeaa ■  K.O  .02   "     •' 

Soda Ha,0  .18    "      " 

Oarbonlcacld ■ CO,  5.76    "      " 

Water H.O  5.65    "      " 

Oi^aolG  matter. 3.60    "      " 

Total 9B.62 

Also  a  trace  of -graphite. 


Chemical  Series  Ko.  237. 
Taconyte.    Analysis  by  C.  F.  Sidener. 

Silica SiO,  85.97  per  cent. 

Alumina A1,0,  .67     "  " 

Ferric  oxide Fe.O,  n.40*  "  " 

Ferrous  oxide FeO  .90    "  " 

Lime OaO  .01    "  " 

Magnesia MgO  .02    "  " 

Potassa K,0  .01    "  " 

Soda. Na.O  .01    "  " 

Water. H,0  .30    "  " 

Total 99.29 
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Chemical  Series  No.  i!38. 
Silica- kaolin.    Analysis  by  C.  F.  Sidener. 

Silica ^ SiO,  77.89  percent 

Alumina A1,0,  13.65  '■  " 

Ferric  oxide Fe.O,  3.83  "  " 

Lime CaO  trace 

Ma^Deeia MgO  .36  •'  '■ 

Potassa K,0  M  "  " 

Soda Na.O  M  "  " 

Water H,0  4.45  "  " 

Total 99.60 

Chemical  Series  No.  239. 
Taconyte.     Analysis  by  C.  F,  Sidener. 

Silica SiO,  61.67  per  cent. 

Alumina A1,0,  16.83  ■*  " 

Ferricoxlde Fe,0,  6.27  "  •' 

Ferrous  oxide FeO  6.41  "  " 

Lime CaO  .01  "  '* 

Magnesia MgO  3.44  "  " 

Potassa K,0  1.59  "  " 

Soda Na.O  .12  "  " 

Water H,0  4.70  "  " 

Total... 89.94 


Chemical  Series  No.  240. 
Taconyte.     Analysis  by  A.  D.  Meeds. 

Silica SiO,    ■  23.80  per  cent. 

Alumina Al.O,  7.S5    "  " 

Ferrlcoxide Fe.O,  5.97    "  " 

Ferrous  oxide PeO  32.21    '■  " 

Lime. CaO  4.67    "  " 

Magnesia MgO  5.89    "  " 

Soda Na.O  .28     '  " 

Potassa..' K,0  .18    "  '* 

Manganese MnO  trace. 

Carbonic  acid CO,  11.84  per  cent. 

Water H,0  4.28    "  " 

Organic  matter 3.36    "  '■ 

Total 100.43 
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Chemical  Series  No.  241. 

Tacooyte.     Analysis  by  A.  D.  Meeds. 

Silica SiO,  56.28  perceot. 

Alumina A1,0,  3.29  "  " 

Ferric  oxtde. Fe.O,  15.26  '•  " 

Ferrous  oxide FeO  18.28  "  " 

Lime. CaO  .«3  "  " 

Magnesia MgO  .72  '■  " 

Soda Na.O  .25  "  " 

Loss  on  Ignition 4.75 

Total 99.75 

Chemical  Series  No.  242. 
Silica  powder.    Analysis  by  A.  D.  Meeds. 

Silica SIO,  96.17  percent. 

Alumina Al.O,  .50    "      " 

Ferricoxide Fe.O.  1.03    "     " 

Ltme CaO  trace 

Magnesia MgO  trace 

Soda. Na.O  .25 

Fotassa K,0  trace 

Lobs  on  Ignition lU    "      " 

Total 100.14 

Chemical  Series  No.  243. 
Tacooyte.    Analysis  by  A.  J.  Hammond. 

Silica SiO,  57.00  percent. 

Alumina Al.O,  1.43    "  " 

Ferric  oxide. E^.O,  27.06    "  " 

Ferrousoxlde FeO  U.08    "  " 

Lime. CaO  ,40    "  ■' 

Hagnesia MgO  2.02    "  " 

Potaaea K,0  ,113  "  *' 

Soda Na,0  .397  "  " 

Loss  on  Ignition 91 

Total : 100  400 
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Chemical  Series  No.  244. 
Taconyte.    Aoalyses  by  A.  D.  Meeds. 

Silica SIO,  64.04  per  cent. 

Alumina AliO,  2.11    "      " 

Ferrlcoxide Fe.O,  2.81    "      " 

FerroQsoxlde PeO  22.14    '■      '■ 

Lime CaO  .60    "      " 

Hagnesia .- MrO  4.0*    *'      " 

Soda Na,0  .30    "      '■ 

Potasaa K,0  .11    "      '■ 

Water H,0  3.73    "      " 

Loss  OQ  IgDltlOD .67     "      " 

Total 100.55 

Another  analysis  of  the  same  rock,  which  varies  a  great 
deal,  gave: 

Slltca SiO,  5S.94  percent. 

Alumina AI.O,  2.72    "      - 

Ferricoxlde Fe.O,  3.01    "      ■' 

Ferrousoiide FeO  22.94    "      '■ 

Lime CaO  .71    '•      ■■ 

Magoeeia MgO  4.74    "      •' 

Potaaaa K,0  .09    "      " 

Soda Na,0  .24    "      " 

Water H,0  3.35    "      " 

Carbonic  acid CO,  3.72    "      " 

Total 100.46 

Chemical  Series  No.  245. 

"Muscovado."    Tested  by  A.  D.  Meeds. 
Gave  a  strong  qualitative  test  for  titanium. 

Chemical  Series  No.  246. 
Grlauconite.     Analysis  by  A.  D.  Meeds. 

Ferricoxlde Fe,0,  9.43  percent. 

Ferrous  oxide FeO  3.54    "      " 

Chemical  Series  No.  247. 

Bock  containing  glauconite,  siderite  and  silica.    Analysis 
by  A.  D.  Meeds. 

Insoluble  in  HCl,  as  follows: 

Silica SiO,  74.53  per  cent. 

Ferric  oxide Fe.O,  .34    "      " 

Alumina AI.O,  .22    "      ■' 

75.09 
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Soluble  in  HCl,  as  follows: 

Alumina Al.Oj 

Ferric  oxide Fe,0, 

Ferrous  oxide FeO 

Lime CaO 

Magaefll& MgO 

Soda Na.O 

Potassa K.O 

CartJonlc  acid (X), 

Water H.O 


25.63 
■  Of  the  PeO  8.35  percent,  is  combiDed  as  FeCOj.  making 
13.45  percent.  FeCOg.    The  remaining  6.49  per  cent,  of  FeO  is 
combined  as  glauconite. 


Chemical  Series  No.  248. 
Glauconite.    Analysis  by  A.  D.  Meeds. 

Silica SIO. 

Alumlca A  1,0, 

Ferric  oxide Fe.O, 

Ferrous  oxide FeO 

Lime CaO 

MagDesia MgO 

Fotaasa  K.O 

Soda Na.O 

Water H.O 

CarboDicacld ^ CO. 


trace. 

2.70  per  cent. 
13.49    "       " 


Total 100.46 


DERIVATION  OP  THE  FOREGOING  SUBSTANCES. 

Cfteni.  Series  f  17.— Pyroxene  from  porphyrltlc  auglte  soda  granite;  rock 
86GraQt;N.  W.  coroerofsec.  32,  T.  65-6  W.;  north  shore  of  Kekequabic 
lake,  Lake  couDty-  See  Amei.  Oeol.,  vol.  II,  p.  387,  June,  1893;  and  21st 
Add.  Kept.,  p.  48. 

Ckem.  Sei-iM  «J5,— Metallic  copper,  nearly  or  quite  pure,  from  Mr.  Peter 
John.toD,  Dassel,  Minn. 

CSiem.  Series  SJ 3.— 'Hardened"  metallic  copper,  nearly  or  quite  pure, 
from  Mr.  Peter  Johnson,  Dassel,  Minn. 

(^tem.  Series  SiO.— Iron  ore  from  pit  No.  I,  Cincinnati  mine,  Mesabl 
range.  Representative  sample  Of  the  Mesabi  ore.  See  20lh  Ann.  Kept, 
p.  U9. 

Chem.  Series  ?!f.— Greenish  felsyte  (?),  country  rock  at  Ely;  rock  1002. 

Chem.  Series  S«.— Rock  slbiilar  to  the  last,  but  from  the  interior  of  one 
of  the  rounded  musses  in  the  agglomerate  at  the  railway  cut  at  Ely;  rock 
1626.    See  Amer.  Gieoi.,  vol.  6,  pp.  359-388,  June,  1892. 

Chem.  iSeriesSSS.— Supposed  bog  manganese  (but  really  clay  and  peat), 
three  miles  N.  W.  of  Monticello.  See  19th  Ann.  Rept.,  pp.  80-81;  and 
20th  Ann.  Rept.,  pp.  321-322.  '  d    i  C  OOqIc 
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Chem.  Series  ?S4.— Anorthlte,  from  cave  at  east  of  Split-rock  polat, 
nortb  Bbore  of   lake  Superior;  rork  5  B  Lawsoo.    See  Bull.  Ko.  VIII,  p.  6. 

Chem.  Seriea  e«S.— Supposed  bog  manitanese  (really  a  peaty  substaaoe), 
HoDttcello.  liYom  Mr.  J.  N,  Stacy.  See  IBCh  Add.  RepU,  pp.  80-81;  aod 
20tb  Ann.  Rept.,  pp.  321-322. 

Chem.  Smee  ?«e.— Auglte  sodagranlbe;  rock 551  Grant;  S.W.  IS.W.isec. 
3,  T.  64-7  W.;  soutb  Bbore  nt  Kekequabic  lake,  Lake  county.  See  Amer. 
Gleol.,  vol.  11,  p.  385,  June.  1893;  and  2]Ht  Ann.  Eept.,  pp.  ll-*2. 

Chem.  Series  i'S7.Anorthoclaae  from  augite  soda  icranlte;  rock  S51  Qrant: 
S.  W.iS.W.i  sec,  3,  T.  64-T  W.:  soutb  sbore  of  Kekequabic  lake,  Lake 
county.  See  Amer.  Geol.,  vol.  11,  p.  386,  June,  1893;  aua  2lst  Ann.  Rept., 
p.  44. 

Chem.  Series  ffj.— Hornblende  porpbyryte;  rock  79t  Grant;  N.  E.  i  S.  E. 
i  V.  W.  i  aec.  29,  T.  65-6  W.;  soutb  end  of  Epsllon  lake.  Lake  county.  See 
2]Bt  Ann.  Rept.,  p.  58. 

Ch«m.  Series  7?d.— WlDoebago  meteorite,  taken  as  ft  whole.  Museun 
Ko.  7239. 

CA«m.  Jjenesf.fO.— The  Iron  of  tbe  Winnebago  meteorite.  HuBeum  No. 
7239. 

Cbem.  Series  Wi.— Tbe  rounded  pellets  of  the  Winnebago  meteoritie. 
'Museum  No.  7239. 

Chem.  Series  ?a«.— Quartz  porpbyry,  from  a  dike  In  the  "^reenstiODe"  of 
the  Kawishiwi  river;  rock  417  Grant;  N.  1  N.  E.  i  sec.  21,  T.  63-10  W., 
Lake  county.    See2IfitAnn.  Rent.,  p.  43. 

Chem  iSert««^.TJ.— Characteristic  specimen  of  the  Saeauaga  graoite,  a 
coarse  grained  hornblende  granite;  rock  888  Grant;  S.  W.  )  N.  u.  i  sec. 
22.  T.  66-&W.;SagaDaf;a  lake.  Cook  county.    See  21st  Ann.  Rept.,  p.  43. 

Chem.  Seriea  23 J.— Fine  grained  gabbro  {"granulitlogabbro")  or  "mus- 
covado;" rock  S6T  Grant;  near  N.  line  of  sec.  2,  T.  84-5  W.,  Bashitanakueb 
lake.  Cook  county.    See  2lBt  Ann.  Kept.,  pp.  160-151. 

Chem.  Serifs  SS.5.—ii\deT\tic  chert  banded  with  sillceoua  and  cblorltlc 
Slates;  rock  27  Spurr;  N.  Rl  S.  E.  i  aec,  33,  T.  58-17  W.,  St.  Louis  county. 
See  Bull.  No.  X,  p.  54. 

Chem.  Series  »ff.— Dark  green  spotted-granular  taconyte  (greea-saod- 
StoneVUrock  53  Spurr;  S.  E.  i  sec.  4,  T.  38-16  W.,  St.  Louts  county.  See 
Bull.  No.  X.  p.  70. 

Chem.  Series  2J7.— Red  siliceous  Jointed  taconyte,  somewhat  decom- 
posed; rock  86  Spurr;  S.  W.  1  S.  W.  i  sec.  2,  T.  68-18  W,  St.  Louis  county. 
See  Bull.  No.  X,  p.  116. 

Chim.  Series  SSS. —B&nded  silica-kaolin;  rock  70  Spurr;  S.  E.  iN.  E.i 
sec.  6,  T.  56-17  W.,  St.  Louis  coucty.    See  Bull.  No.  X.  p.  81. 

C?ien».  Series  «5ff,— Taconyte  (?)  shale:  rock  101  Spurr;  S.  E.  i  N.  W-t 
sec.  18,  T.  58-18  W.,  St  Louis  county.    See  Bull.  No.  X, p.  148. 

Chem.  Series  e*).— Slderitlc  and  cberty  slate;  rock  112  Spurr;  N,  W.  i  N. 
E.  i  sec.  17,  T.  58-19  W.,  St.  Louis  county.    See  Bull.  No.  X,  pp.  10-11. 

Chem.  Series  «^i.— Glauconlte  taconyte,  with  magnetite;  rock  217  Spurr. 
N.  W.  i  N.  W.  i  sec.  22,  T.  B8-20  W.,  St.  Louis  county.  See  Bull.  No.  X. 
p.  87. 

Chem.  Series  e*«.— Silica  powder;  rock  230  Spurr;  S.  E.  i  N.  W.  i  sec  23, 
T.  57-22  W.,  Itasca  county.    See  Bull.  No.  X,  p.  214. 

Chem.  Seriea  S4S.—Qnj  siliceous  taconyte;  rock  107  Spurr;  S.  W.  i  S.  W. 
i  sec  2,  T.  58-19  W.,  St.  Louis  county.    See  Bull.  No.  X,  p.  134. 

Chem.  Series  ««,— Hard  green  taconyte,  banded  with  magnetite:  rock  14 
Spurr;  S  E  i  N.  E.  i  aec.  30,  T.  68-17  W.,  St.  Louis  county.  See  Bull.  No. 
X,  pp.  103-10*. 

Cliem.  Seriea  «^.— Fine  grained  noryte,  or  "muscovado":  rock  1784;  north 
side  of  Muscovado  lake.  Cook  county.    See  2lBt  Ann.  Bept ,  p.  150. 

CA«n.  Serie«S4e.— GlaucoDlte  from  St.  Lawrence  limestone;  Huseam 
Ho.  3292;  Hebron,  Nicollet  county. 

CA«fn.  Sei-teif47.— Glauconiteand  slderlte  from  glauconltlc  taconyte: 
rock  126  Spurr:  near  N.E.iS.  W.  i  sec.  17,  T.  58-19  W.,  St.  Louis  county. 
See  Bull.  No.X,pp.  232-233. 

Chem.  Series  Stf.— Same  as  Chem.  Series  247, 
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IX. 

THE  PROGRESS  OF  MINING. 


By  N.  H.  Winchell. 


The  last  statement  in  these  reports  concerning,  the  product 
of  the  iron  mines  of  the  state  was  in  the  report  for  1881,  (20th 
report,  pp.  152,  153.)  Since  that  time  the  Legislature's  "Blue 
Book"  has  contained  such  information,  for  1892  and  1893.  The 
years  1898  and  1894  exhibited,  in  the  iron  ore  output  from  the 
state  of  Minnesota,  a  wonderful  rate  of  increase  as  compared 
with  the  iron-producing  states  of  the  Lake  Superior  region. 
Financial  revulsion  visited  the  country  in  1893,  and  continued 
through  1894,  and  the  iron  industry  suffered  great  reverses. 
The  output  declined  in  the  Marquette  range  in  Michigan  from 
S,179,098tonsinl891  and  1892,  to  a,885,000  in  1893  and  1894. 
The  decline  on  the  Menominee  range  was  from  4,086,118  tons, 
for  the  same  time,  to  2,604,146  tons.  The  Gogebic  range  fell 
off.  for  the  same  time,  from  4,797,S90  tons  to  3,168,550  tons. 
In  the  Vermilion  range  the  decline  was  slight,  being  from 
2,064,165  tons  to  1,774,820  tons.  But  the  rapid  development  of 
the  Mesabi  range  showed  an  increase  from  4,245  tons  in  1892 
(first  year  of  shipment)  to  2,402,067  tons  for  1893  and  1894. 
This  BO  far  overbalanced  the  loss  on  the  Vermilion  range  that 
the  state  showed  an  increase  from  2,064,983  tons  in  1891  and 
1892  to  4,176,387  tons  for  1893  and  1894.  which  is  about  100 
per  cent. 

Accompanying  the  development  of  the  iron  industry  have 
come  many  other  industries,  and  other  elements  of  financial 
and  political  growth.  These,  however,  are  not  so  important 
nor  so  nnmerous  as  they  are  destined  to  be  in  the  near  future. 
The  whole  region  about  the  west  end  of  lake  Superior  has  felt 
the  impulse  of  this  development,  and  new  improvements  are 
projected  on  all  hands,  which  when  carried  out  will  bring  the 
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QortheEwtem  part  of  the  state  into  promHieiicQ  as  a  maaufacl- 
nring  and  commercial  pQwer. 

The  following  figures  show  the  actual  production  of  iron  ore 
from  the  mines  of  Minnesota  by  years,  since  1884: 


Vermilion  range. 

Maaht  range. 

s 

1887 

1888 

1889 

394,910     " 

611,936     " 

844,638      " 

1993 

8M 

820,621      " 

953.696     " 

613,620     " 
1,788,447     " 

Totals. 

1,065,832  tona. 

2^06,312  tons. 

Grand  total  for  the  stat« 9,472,144  ton§. 
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XI. 

LIST  OF  ROCK  SAMPLES  COLLECTED  IN  1894. 


By  U.  S.  Grant. 


The  present  list  is  a  coatinuatiOD  of  those  found  in :  (  i )  the 
17th  Ann.  Kept.  pp.  201-215;  (2)  the  20th  Ann.  Rept..  pp.  96- 
110;  (8)  the  21st  Ann.  Rept.,  pp.  59-67;  (4)  the  22ad  Ann. 
Bept,  pp.  78-66-  Most  of  these  rock  samples  have  not  been 
carefully  studied  in  the  laboratory,  and  so  the  names'  are  to  be 
regarded  as  often  only  approximately  correct.  The  specimens 
in  this  series  are  numbered  in  green  and  can  thus  be  distin- 
guished from  those  of  any  other  series  of  the  survey  or  mu- 
seum. Most  of  the  specimens  listed  below  are  from  the 
vicinity  of  Carlton  or  from  the  Rainy  Lake  region.  Nos.  1058 
to  J067  were  collected  by  Mr.  H.  V.  Winchell, 

1017.  Soft  greenish  shale,  showing  banding.  North  side  of 
the  St.  Louis  river  at  the  mouth  of  the  small  creek  in  S.  E.  J 
S.  E.  i  sec.  2,  48  16.  This  shale  underlies  unconformably  a 
coarse  conglomerate. 

.1017A.  Quartzyte  pebble  from  this  conglomerate.  Same 
place. 

1017B.    Dark  flinty  pebble.     Same  place. 

101 7C.     Slate  pebble.     Same  place. 

101 7D.  Reddish  melaphyre  pebble  from  conglomerate. 
Korth  side  of  the  St.  Louis  river  at  the  mouth  of  a  stream, 
near  center  of  sec.  1.  48  16. 

1018.  Gray  slate,  showing  fine  laminaa  which  are  not  parallel 
with  the  bedding.  First  rock  cut  on  the  Northern  Pacific  R. 
R.  west  of  Wrenshall;  N.  W.  i  N.  W.  i  sec.  8.  48-16. 

1019.  Fresh  diabase  from  dike.     Same  place. 

1020.  Medium  grained,  pinkish,  biotite  granite.  N.  E.  1  S. 
E.  J  sec.  27,  67- 13;  west  end  of  Bottle  portage,  Lac  la  Croix. 

1021.  Biotite  gneiss.  N.  E.  i^  N.  E.  i  sec.  11,  67-14;  south- 
west Bide  of  Roland  island,  Lac  la  Croix. 
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1022.  Brownish,  biotite  schist.  N.  E.  i  S.  W.  i  sec  35, 
68-14;  end  of  point,  Lac  laOroiz. 

1023.  Staurolite,  biotite  schist.  N.  E.  J  N.  E.  i  sea  34, 
66-14;  north  side  of  small  island,  Lac  la  Croiz.  Rock  not  cer- 
tainly in  situ,  but  probably  not  far  from  the  parent  ledge. 

1024.  Biotite  schist.  S.  E.  i  S.  E.  ^  sec.  33,  70-18;  Kettle 
falls. 

1025.  Serlcitic  schist.     S.  E.  i  S.  W.  J  sec.  35,  71-24. 

1026.  Fine  grained,  micaceous  schist.  S.W.  ^  S.  W.  i  sec. 
38,  71-24;  south  shore  of  Rainy  river. 

1027.  Biotite  schist.     Same  place. 

1028.  Greenish  schist.  Near  center  of  S.  W.  i  sec.  33,  71- 
24;  reef  near  south  shore  of  Rainy  river. 

1029  to  1029E.  Series  of  specimens  showing  transition  from 
biotite  schist  to  biotite  syenite.  The  more  western  of  the  two 
islands  in  the  Rainy  river,  about  three-fourths  of  a  mile  below 
Koochiching  falls. 

1030.  Biotite  hornblende  syenite.  Ft.  Frances,  Ontario; 
from  the  excavation  for  the  canal. 

1030A.  Porphyritic  facies  of  the  same.  S.  E.  i  S.  W.  i  sec. 
27,  71-24;  south  shore  of  Rainy  river. 

1030B.  Altered  diabase  from  dike  in  the  syenite.  Same 
place. 

1031.  Diabase  from  center  of  dike  in  syenite.  Near  center 
of  N.  i  N.  W.  sec.  35.  71-24;  south  shore  of  Rainy  river. 

1032.  Brownish  biotite  schist.  Near  center  of  S.  i  S.  W.  J 
sea  25,  71-24;  south  shore  of  Rainy  river. 

1033.  Brownish  micaceous  schist.  140  paces  south  of  the 
east  quarter  post  of  sec.  25,  71-24. 

1033A.     Very  fine  grained,  gray  schist.     Same  place. 
1033B.     Gray  siliceous  rock.     Same  place. 

1034.  Greenish  schist.  Just  south  of  the  east  quarter  post 
of  sec.  36,  71-24. 

1035.  Greenish  siliceous  schist  550  paces  south  of  the  east 
quarter  post  of  sec.  36,  71-24. 

1036.  Siliceous  schist,  rather  coarse  grained  and  massive  in 
appearance.  N.  E.  i  N.  W.  J  sec  30,  71-23;  south  shore  of 
Rainy  lake. 

1037.  Mottled  biotite  schist.  Near  center  of  E.  ^  N.  W.  i 
sec.  29,  71-23;  point  on  south  shore  of  Rainy  lake. 

1038.  Green  schist.  S.  W.  i  N.  W.  J  sec.  28.  71-23;  south 
shore  of  Rainy  lake. 
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1039.  Dark,  finegrained,  micaceous  Bcbist.  S.  W.  J  N,  W. 
^  sec.  28,  71-23;  south  side  of  small  poiat,  south  shoreof  Rainy 
lake. 

1040.  Biotite  granite.  The  smaller  of  the  two  islands  in  the 
N.  W.  i  sec.  28,  71-2;  Rainy  lake. 

1040A.     Contact  of  mica  schist  and  graaite.     Same  place. 

1041.  Aplyte  from  dike.     Same  place. 

1042.  Grreenish,  micaceous  schist.  N.  £1  i  N.  W.  ^  sec.  26, 
71-28;  Kingston  island.  Rainy  lake. 

1043-  Greenish  schist,  matrix  of  conglomerate.  Small 
island  near  center  of  W.  i  S.  W.  i'sec.  26;  Jackfish  bay.  Rainy  ' 
lake. 

1043A.     Conglomerate.     Same  place. 

1043B.    Gray  pebble  from  the  conglomerate.     Same  place. 

1048C.  Collection  of  pebbles  from  the  conglomerate.  Same 
place. 

1043D.  Fine  grained  biotite  granite  pebble  in  conglomerate. 
S.  W.  i  S.  W.  i  sec.  26,  71-28;  south  shore  of  Jackfish  bay. 
Rainy  lake. 

1044.  Volcanic  tufff  South  shore  of  Rainy  lake  at  the  west 
line  of  sec.  25,  71-23. 

1045.  Green  conglomerate.  West  shore  of  small  bay  near 
the  south  line  of  sec.  30,  71-22;  south  shore  of  Rainy  lake. 

1046.  Peculiar  graywacke-like  rook.  S.  W.  i  S.  E.  J  sec. 
80.  71  22;  south  shore  of  Rainy  lake. 

1C47.  Greenish  schist.  N.  W.  J  N.  E.  J  sec.  32,  71-22;  south 
shore  of  Rainy  lake. 

1048.  Brownish  gray  siliceous  rock  occurring  in  beds  in  the 
mica  schist,  South  shore  of  Rainy  lake,  just  west  of  the  east 
line  of  sec.  32,  71-22. 

1049.  Green  schist  N.  E.  J  N.  W.  i  see.  83,  71-22;  Little 
American  island.  Rainy  lake. 

1049A.    Sericitic  schist.     Same  place. 

104dB.     Darker  phase  of  the  same.    Same  place. 

1050.  Sericitic  schist.  S.  E  i  N.  W.  i  sec.  28,  71-22;  north 
side  of  Grindstone  island.  Rainy  lake. 

1051.  Schistose  quartz  porphyry.  New  center  of  E.  i  S.  E. 
^  sec.  26,  71-22;  small  island  in  Rainy  lake. 

1052.  Brownish  biotite  schist.  S.  E.  J^N.  E.  i  sec.  36.  71- 
22;  south  shoreof  Rainy  lake. 

1052A.  Micaceous  schist.  N.  E.  i  N>  W.  i  sec.  86.  71-22; 
south  shore  of  Rainy  lake. 
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1053.  Gray  muscovite  biotite  syenite.  S.  E.  ^  S-  E.  i  sec. 
25,  71-22:  south  shore  of  Rainy  lake. 

1054.  Greenish  schist  containing  siderite.  Lyle  mine,  near 
center  of  8.  E.  i  sec.  23,  71-22;  north  side  of  Dryweed  island. 
Rainy  lake. 

1054A.     Greenish  rock  laminated  bysiliceoas  bands.     Same 
place. 
1054B.     Quartz  and  siderite  from  vein.     Same  place. 

1055.  Biotite  gneiss,  charged  with  pyrite.  S.  B.  i  S.  E.  i 
sec.  33,  71-22;  Old  Soldiermine;  small  island  in  month  of  Black 
bay.  Rainy  lake. 

1065A.     A  darker  phase  of  the  same.     Same  place. 

1056.  Pinkish,  biotite  granite.  Probably  in  N.  i  sec.  35,  65- 
17;  east  side  of  Vermilion  river  at  north  end  of  a  long  portage. 

1057.  Gold  Ijearing  quartz  from  vein.  Lot  6,  sec.  30,63-12; 
near  Ely. 

1028.  Greenish  conglomerate.  '  AL  76,  north  side  of  Shoal 
lake. 

1059.  Greenish  conglomerate.     Shoal  lake. 

1060.  Conglomerate  at  contact  with  altered  granite.  North 
of  Shoal  lake. 

1061.  Greenstone.     North  shore  of  Shoal  lake. 

1062.  Contact  of  saussnrite  gabbro  and  granite.  Small  lake 
south  of  Bad  Vermilion  lake. 

1063.  Saussnrite  gabbro.     Island  bay.  Bad  Vermilion  lake. 

1064.  Biotite  granite.  A  L  75,  Wiegand's  land,  north  of 
Sboal  lake. 

1065.  Altered  granite?    Same  place. 

1066.  Another  phase  of  the  same.    Same  place. 

1067.  Altered  granite?    Same  place. 
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XII. 

NOTES     UPON     THE    BEDDED     AND     BANDED 

STRUCTURES  OF  THE  GABBRO  AND  UPON 

AN  AREA  OF  TROCTOLYTE. 


By  Arthur  Hugo  Elftman. 
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INTRODUCTION. 

The  following  notes  are  based  upon  field  observations  made 
for  the  geological  survey  and  subsequent  laboratory  study  of 
the  material  collected.  The  writer  has  had  the  opportunity  to 
examine  the  great  gabbro  mass  of  northeastern  Minnesota 
through  its  entire  width  from  the  Duluth  and  Iron  Kange  rail- 
road to  the  vicinity  of  lakes  Alice  and  Bellissima.  Prom  the  for- 
mer lake  eastward  through  Little  Saganaga  lake  to  the  region 
south  of  G-unflint  lake,  only  the  northern  portion  of  the  gabbro 
was  examined  by  him.  As  the  time,  opportunity  or  necessity 
afforded,  many  localities  were  visited  several  times. 

la  the  twenty-second  annual  report  (p.  169)  attention  was 
called  to  several  localities  where  interesting  observations  were 
made  upon  the  gabbro.  It  is  intended  at  present  to  give  a 
short  account  of  the  following: 

1.  The  bedded  and  banded  phases  of  the  gabbro. 

2.  The  occurrence  of  the  feldspar  masses  in  the  gabbro. 

3.  The  description  and  relations  of  a  dark,  bedded  olivipe 
gabbro,  or  troctolyte. 
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MACROSCOPIC  CHARACTERS  AND  FIELD  RELATIONS. 

Under  this  heading  will  be  given  some  of  the  macroscopic 
characters  of  the  rocks  under  consideration  and  their  relations 
and  appearance  in  the  field.  For  a  general  description  of  the 
normal  gabbro,  the  reader  Itf  referred  to  Dr.  Bayley's  discus- 
sion of  the  basic  massive  rocks  of  the  Lake  Superior  region.* 

The  bedded  and  banded  phaaea  of  the  gabbro. 

In  the  reports  of  the  Minnesota  geological  survey  frequent 
reference  has  been  made  to  the  "bedded"  character  of  the 
normal  gabbro  in  different  localities.  By  this  character  in- 
variably is  meant  a  rude  arrangement  of  the  rock  in  parallel 
layers  similar  to  the  layers  of  sedimentary  rocks.  This  is 
quite  a  common  phenomenon  along  the  northern  limits  of  the 
great  gabbro  mass.  The  layers  usually  have  a  dip  toward  the 
south  and  in  places  this  character  may  be  quite  extensive.  The 
separation  into  layers  does  not  depend  upon  a  differentiation 
of  the  nuneral  components  of  the  rocks,  for  it  is  usually' best 
developed  in  a  rock  of  medium  texture  and  of  a  uniform  distri- 
bution of  the  minerals.  From  this  it  seems  that  the  peculiar 
bedded  appearance  is  due  to  secondary  causes  acting  upon  the 
rock  after  it  had  solidified. 

Under  banded  structure  the  writer  includes  the  laminated 
appearance  of  the  gabbro.  which  is  due  to  the  differentiation 
and  arrangement  in  parallel  bands  of  the  mineral  constituents 
of  the  rock.  The  bands  have  no  regular  arrangement.  They 
appear  and  disappear  in  a  manner  not  depending  upon  sec- 
ondary causes.  The  gabbro,  which  usually  presents  a  fairly 
uniform  texture,  along  its  central  portion  possesses  the  banded 
structure  to  a  marked  degree. 

In  considering  the  differentiation  within  the  gabbro  atten- 
tion will  be  called  to  the  various  stages  in  which  this  has  been 
noticed.  South  of  Disappointment  lake  (T.  63  N.,  R.  8  W.)  a 
short  distance  south  of  the  contact  with  the  older  rocks  the 
gabbro  is  medium  grained  and  olivinitic  The  "bedded" 
structure  is  well  developed.  In  going  south  from  here  a  dis- 
tance of  two  or  three  iniles  one  passes  over  ridges  of 
this  same  gabbro.  But  away  from  the  northern  edge  the  rock 
has  a  tendency  to  become  more  varied  in  structure.  The  fold- 
spathic  and  olivinitic  portions  occur  in  separate  aggregates,giT- ' 
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ing  a  peculiar  spotted  appearance  to  the  rock.  The  dialla^ 
and  olivine  usuEklly  form  clusters  of  crystals  arranged 
radially  around  a  common  center.  These  areas  vary  in  diameter 
from  one  to  four  inches.  The  pla^oclase  which  makes  up  the 
greater  part  of  the  rock  also  fills  up  the  spaces  between  the 
diallage  and  olivine.  Although  the  olivine  Is  altered  on  the 
surface  to  a  brownish  yellow  product,  thin  sections  of  the  rock 
show  that  it  is  quite  fresh  within  the  rock.  Occasional  bould- 
ers show  the  peculiar  structure  of  the  rock  by  their  alteration. 
Apparently  firm  and  fresh  when  struck  with  a  hammer,  these 
boulders  readily  crumple  leaving  the  feldspathic  portions  in 
firm  nodules  and  the  oliviuitic  portions  as  a  coarse  sand.  This 
disintegration  is  due  to  the  alteration  of  the  olivine. 

The  separation  of  the  mineral  constituents  is  quite  common 
in  the  normal  facies  of  the  gabbro,  and  is  mentioned  by  Dr. 
Bayley*  as  follows:  "The  varieties  are  merely  local  phases  of 
the  predominant  rocks  for  on  all  sides  they  grade  into  one  an- 
other by  insensible  transitions."  It  is  the  writer's  intentiou 
to  call  attention  to  the  separation  into  a  sharply  defined 
banded  structure,  which  can  be  easily  distinguished  from 
the  ordinary  differentiation  of  the  rock,  which  causes 
only  a  variation  in  the  amount  of  the  different  minerals.  This 
may  occur  in  such  proportions  that  areas  of  feldspar  several 
yards  in  diameter  may  be  sepfu-ated.  Id  the  banded  structure 
some  of  the  bands  have  the  composition  of  the  normal  gabbro; 
while  others  are  composed  almost  wholly  of  feldspar  on  the 
one  hand  and  the  iron-bearing  minerals  on  the  other.  The  lines 
of  division  between  the  different  bands  ara  usually  sharp  and 
distinct.  The  bands  vary  in  thickness  from  several  inches  to 
several  feet  and  are  generally  quite  irregular,  varying  consid- 
erably in  thickness  in  different  parts.  There  is  no  general 
direction  in  the  bands.  They  are  found  in  all  portions  and 
running  in  every  direction.  In  this  they  differ  from  the  bedded 
structure,  which  has  nearly  always  a  dip  toward  the  south. 

The  banding  is  similar  to  that  described  and  illustrated  by 
Geikie  andTeall  in  the  Tertiary  gabbro  in  the  Isle  of  Skye.» 
The  gneissic  or  banded  structure  is  also  referred'  to  in  Bulletin 
VI,  of  the  Minnesota  survey,  p.  126.  The  hill  east  of  Birch 
lake,  mentioned  in  Bulletin  VI,  possesses  more  of  the  bedded 
than  the  banded  structure,  although  the  two  are  somewhat 
coincident  in  this  case.     The  illustration  shows  the  bedded  and 


Dgiize.  ..Google 


STATE  GEOLOGIST.   ,  227 

not  tiie  banded  structure.  The  importance  of  this  banded  Btruct- 
nre  is  best  considered  in  connection  with  the  large  feldspar 
masses  within  the  gabbro. 

The  occurrence  of  the  feldspar  masses  in  the  gabbro. 

The  large  areas  of  feldspar  rock  south  of  Little  Sagaoaga 
lake  and  westward  along  the  central  part  of  the  gabbro  area 
have  been  mentioned  in  the  Minnesota  reports.*  These  feld- 
spar masses  have  been  found  in  sizes  varying  from  an  aggre- 
gate of  several  crystals  to  mountain  masses.  The  different 
areas  have  the  same  relation  to  tlie  normal  gabbro,  and  are  of 
the  same  origin. 

In  the  southeastern  part  of  T.  61  N..  R.  11  W.  of  the  Fourth 
principal  meridian,  the  gabbro  possesses  a  marked  banding. 
The  feldspar  bands  often  are  ten  to  fifteen  feet  wide  and  oc- 
casionally widen  out  and  form  lenticular  or  oval  areas  of  even 
greater  width.  The  banding  is  continuous  and  the  direction  is 
parallel  to  the  outlines  of  the  feldspar  masses.  The  composi- 
tion of  the  bands  was  mentioned  on  a  preceding  page.  That 
the  smaller  areas  are  due  to  the  differentiation  of  the  gabbro 
cannot  be  doubted,  for  their  occurrence  does  not  depend  upon 
the  banded  structure  of  the  gabbro.  The  line  of  division  be- 
tween the  feldspar  masses  and  the  normal  rock  is  sharp 
and  distinct  in  the  field  and  in  hand  specimens.  This  sug- 
gests that  they  may  be  inclusions  of  some  older  rock  in  the 
gabbro.  Microscopical  characters,  however,  show  that  this 
is  not  the  case. 

On  account  of  their  greater  hardness  the  feldspar  masses 
usually  occur  in  knobs  rising  above  the  ordinary  gabbro.  Oc- 
casionally along  the  side  of  some  perpendicular  bluff  the  out- 
lines of  the  rounded  feldspar  masses,  surrounded  on  all  sides 
by  ordinary  gabbro,  can  be  made  out.  In  section  36,  T.  61  N  ,  R. 
11  W.,  a  dome-shaped  mass  of  feldspar,  surrounded  on  all  sides 
by  the  ordinary  gabbro,  rises  fifty  feet  above  the  surrounding 
rock.  On  the  southern  flank  of  the  mass  and  near  the  top  are 
some  patches  of  gabbro  showing  that  the  present  and  the 
original  size  of  the  mass  are  nearly  the  same. 

In  the  large  valley  in  the  southeastern  part  of  T.  61  N,.  R. 
10  "W.,  are  extensive  low  outcrops  of  the  feldspar  rock.  This 
rock  is  not  found  in  contact  with  the  ordinary  gabbro,  but  a 
short  distance  souih  of  the  most  southerly  outcrop,  a  dome- 
shaped  hill  of  ordinary  gabbro  rises  several  hundred  feet 
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above  the  valley.  Although  it  "may  appear  that  the  two  rocks 
in  this  locality  are  distioctly  separate,  there  is  no  reason  why 
their  relations  are  not  the  same  as  at  the  last  locality. 

The  high  ridges  south  of  Gabbro  lake  in  T.  62  N.,  B.  10  W.. 
also  show  various  sized  areas  of  feldspar  in  the  predominating 
ordinary  gabbro.  The  banded  structure  appears  to  some  ex- 
tent in  connection  with  the  feldspar. 

An  areaqf  bedded  and  band&l  olivine  gahbro. 

In  the  southern  part  of  T.  62  N..  K.  10  W.,  the  eastern  part 
of  T.  61  N.,  R.  11  W.,  the  greater  partof  T.  61  N.,  R.  10  W..  and 
extending  into  the  townships  south  and  east  of  the  last  named, 
is  a  considerable  area  of  a  dark,  often  reddish  colored  gabbro. 
On  account  of  the  small  proportion  of  feldspar  the  color  de- 
pend^ upon  the  character  of  the  olivine.  When  fresh  the  rock 
has  a  dark  waxy  appearance,  and  when  altered  the  color  is  usu- 
ally dull  black  to  brownish  red  or  reddish  yellow.  A  banded  ar- 
rangement of  the  minerals  is  quite  common,  while  the  bedded 
structure  prevails  throughout  the  rock.  The  bedding  does  not 
depend  upon  the  banding,  for  it  has  a  comparatively  uniform 
dip  to  the  south  and  the  bedding  planes  often  are  perpendicu- 
lar to  the  banded  structure. 

The  relation  of  this  rock  to  the  normal  gabbro  and  the  feld- 
spar rock  are  somewhat  difficult  to  determine.  It  has  not  been 
found  in  direct  contact  with  them,  since  in  every  locality  ob- 
served by  the  writer  the  contact  was  covered.  The  results  of 
these  observations  may  be  stated  as  follows:  Wherever  the 
dark  bedded  olivine  rock  and  the  gabbro  approach  each  other, 
even  within  a  few  feet,  both  preserve  their  characteristic 
structure  and  there  are  no  signs  of  a  transition  of  the  one  into 
the  other.  The  olivine  rock  appears  to  be  above  the  gabbro. 
It  does  not  occur  in  a  continuous  area  but  there  are  several  de- 
tached areas  on  the  northeast  shore  of  Bald  Eagle  lake.  T.  62 
N.,  R.  10  W.,  and  in  section  30,  of  the  same  township.  At  the 
last  named  locality  the  olivine  rock  is  separated  from  the  main 
mass  by  several  ridges  of  ordinary  gabbro, 

MICROSCOPIC  CHARACTERS. 

The  handed  gabbro. 
The  mineral  constituents  are  the  same  as  those  of  the  normal 
gabbro.   The  microscopical  examination  of  the  contact  between 
the  different  hands  will  be  of  most  interest.     The  texture  of 
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are  intimately  united  with  those  of  bhe  adjacent  bands,  showing 
that  the  bands  were  solidified  at  the  same  time  and  that  the 
Beparation  into  layers  is  due  to  the  differentiation  of  mineral 
constituents  at  the  time  of  cooliug. 

The  feldspar  masses. 
In  thin  sections  these  are  seen  to  be  composed  of  plagioclase 
feldspar,  which,  on  the  whole,  probably  possesses  a  higher  ex- 
tinction angle  than  is  usually  found  in  the  feldspar  of  the 
normal  gabbro.  Occasional  grains  of  olivine  and  diallage  oc- 
cur. The  rocb  is  quite  fresh  and  the  feldspar  crystals  are 
often  perfectly  clear  and  colorless.  An  examination  of  the 
contact  with  the  normal  gabbro  shows  the  same  results  as 
given  above,  for  the  banded  gabbros. 

TVie  dark  banded  olivine  gabbro. 
Just  as  this  rock  is  distinctly  separable  from  the  normal  gab- 
bro in  the  field,  so  its  microscopical  characters  are  also  dif- 
ferent. The  rock  is  composed  of  plagioclase  and  olivine  with 
small  grains  of  diallage  and  magnetite.  Theolivine  makes  up 
the  greater  pai-t  of  the  rock.  It  occurs  in  fairly  regular  crys- 
tal forms  and  is  quite  fresh.  It  is  frequently  altered  to  ser- 
pentine along  numerous  fractures  through  the  grain.  When 
alteration  has  gone  on  to  a  great  extent, besides  the  serpentine, 
a  brownish  red  product  is  formed  staining  the  whole  rock  and 
giving  it  a  brick  red  appearance.  In  nearly  all  cases  the  oli- 
vine is  filled  with  numerous  grains  of  magnetite,  often  making 
the  mineral  opaque. 

The  feldspar  is  a  plagioclase,  is  quite  fresh  and  is  the  same 
as  that  in  the  normal  gabbro.  It  possesses,  however,  a 
shattering  peculiar  to  t^is  area  in  the  Minnesota  gabbro.  Al- 
though fresh,  the  mineral  is  traversed  by  numerous  fracture 
lines  which  are  arranged  radially  around  the  olivine  grains 
The  degree  of  shattering  does  not  depend  upon  the  condition 
of  the  olivine,  for  it  is  just  as  prominent  in  the  fresh  rock  as  it 
is  in  the  altered  portions,  In  the  altered  specimens  the  altera- 
tion products  of  the  olivine  sometimes  penetrate  the  fractures. 
The  pyroxene  when  present  is  associated  with  the  olivine. 

The  rock  is  properly  a  forellenstein  or  troctolyte.     A  section 

of  troctolyte  from  Neurode  in  Silesia,  which  shows  the  same 

peculiar  shattering  of  the  feldspar,  might  easily  be  mistaken 

for  a  section  of  the  rock  representing  the  area  described  above. 

'  A  section  of  this  troctolyte  from  near  Duluth  was  described  by 
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Dr.  Wadsworth  *  The  field  relations  of  this  rock  are  the  same 
as  those  ^ven  for  the  area  just  described.!  The  hand  speci- 
mens and  thin  sections  of  the  rocks  from  these  localities  cor- 
respond in  all  their  characters. 

The  troctolyte  differs  from  the  normal  olivine  gabbro  in  that 
in  the  former  the  pyroxene  is  present  only  in  occasional  grains, 
while  in  the  latter,  although  it  may  be  absent  in  a  few  sections, 
it  is  usually  present  in  sufficient  quantity  to  change  the  charac- 
ter of  the  rock.  The  olivine  is  the  predominating  componen  t  of 
the  troctolyte  and  not  of  the  olivine  gabbro.  The  feldspar  in 
the  former  is  always  thoroughly  shattered  and  the  fractures 
are  arranged  radially  around  the  olivine.  In  the  olivine  gab- 
bro, no  matter  how  altered  the  olivine  may  be,  the  feldspar, 
beyond  a  few  fractures,  shows  no  shattering  similar  to  that  io 
the  troctolyte.  It  may  ba  of  interest  to  notice  that  a  large 
bowlder  of  this  troctolyte  has  been  f ouud  imbedded  in  the  dia- 
base at  Beaver  Bay  and  having  the  same  relations  to  the 
matrix  rock  as  the  anothosyte. 

SUMMARY. 

In  the  preceding  note  the  writer  has  attempted  to  emphft^izi 
the  necessity  of  distinguishing  between  the  bedded  and  banded 
structures  of  the  Minnesota  gabbro.  As  the  term  "bedded" 
implies  a  sedimentary  origin  of  the  rock,  there  is  some  objec- 
tion in  applying  it  to  a  structure  in  an  eruptive  rock.  The 
terms  bedded  and  banded  are  of  ten  used  as  synonyms,  bit  it 
has  been  shown  that  in  the  Minnesota  gabbro  there  exist  tiro 
distinct  structures  which  are  different  in  origin.  As  a  more 
appropriate  term  for  what  has  been  called  "bedded"  struct- 
ure the  writer  proposes  the  term  sheeted.  This  struct- 
ure is  very  common  in  nearly  all  "of  the  igneous  rocks 
of  Minnesota.  Attention  is  called  to  the  occurrence 
and  formation  of  the  large  feldspar  masses  witbic  the 
gabbro.  These  masses  are  regarded  as  parts  of  the  gabbro 
itself  and  as  due  to  a  differentiation  of  that  rock.  The  area  of 
troctolyte  is  outlined,  and  some  of  the  distinguishing  features 
of  the  rock  are  given.  Although  this  area  may  be  a  part  of  the 
great  gabbro  mass,  it  is  necessary  to  note  its  relation  to  the 
gabbro  as  well  as  itspeculiar  microscopical  characters. 
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The   present  list  consists  of  additions  made  from  April  1, 
1894,  to  Dec.  31,  1894. 

A 

AmafeTdam.    YerhaodellngeD  d.  K.  Akad.   v.  WetenBcbappen,  vol,   ill, 
No9.  1-14,  1894. 
Verslagea  d.  ZitteDgeu,  May,  1893,  to  April,  1894. 
Attgiberg.    BBricht    Naturw.  VereiDS  f.  Schwabeu    und   Newburg,  vol. 
ixxlv,  1891-93. 

B 
Baltimore.     Amer.  Chem.  Jour.,  srI,  a-8,  1894. 

Johna  Hopkins  UdIv.  Circulars,  xlli,  111-114;  xlv,  115, 1891. 
Basal.    Verbandl.  Naturforsch.  Gesellsch.,  Ix,  3, 1893. 
Berkeley.    Bull.  Dept.  Geology,  Univ.  of  Calif.,  vol.  1.  Nos.  5-7,  Aug.  and 

Oct.,  1894. 
Berlin.    Zeitsch.  d.  Deutachen  geol.  Gesellscb,,  xlv,  3-4,  1893;  xlvi,  1,  1894. 
Verhandl.   Geaellsch.  tilr  Erdkunde,  xx,    10,   1893;  xxl,   1-8,    1894; 

Zeitsch.,  xxvlii,  6;  xxlx,  1-4, 18S4. 
Mlttheil.  Konlgl.  d.  WlssenachafteD,  il-vlii,  1894. 
Bern.    Mitthell.  Katurforscb.  Oesell..  Nos.  13(fi-1334,  1893. 
Bonn.    Verhandl.  Naturb.  Vereines  der  Rhetnlande,  etc.,  1874-1877,  1878- 

1881,  1882-1883. 
BotUm.    Froc.  Amer.  Acad.  Science  and  Arts,  w.  s.   xxvlll,  n.  s.  xx,  1892- 
1893;  w.  a.  xxix,  □.  a.  xxl,  1S93-16B4. 
Proc.  Boston  Soc.  Nat.  History,  xxvi,  2-3,  1893-94. 
Brimn,    Yerhandl.  Naturforsch.  Vereines,  xxxi,  1892. 

Berlchte  Heteoiol.  Gommlssioa,  xl,  1891. 
Budapeat.    Foldtant    Kbzlony  Ungarisch.  Qeologlscb.    Gesellsch.,   xxiii, 
11-18, 1893;  xxlv,  1-8, 1894. 

C 
Cambridge.    Harvard  College,  Mus.  Comp.  Zool.,    Bull.  vol.  xxv,  Nos.  7-11, 

1894. 
Carriemeg.    Annaes  d.  Sciencias  Naturaes,  I,  Nos.  1-4,  1894. 
Chapel  Hia.    Jour.  Ellsha  Mitchell  Scl.  Soc.,  x,  2, 1893. 
Chicago.    Joura.  of  Geology,  11,3-8,  1891. 
CStrittiana.    Beport  Norske  Nordhafs  Expedition,  xxll,  1893. 

Beskrivelse  af  en  raeke  Norske  Bergarter,  Dr.Tb.  EJerulf,  1892. 
CinctTtnati.    Journ.  Cincinnati  Soc.  Nat.  Hist ,  xvil,  1-3, 1891.  /■-  i 
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DarmstadL    Natizblatt  zu  Verelns  fiir  Erdkuade.iv,  No.  14,  1893;  Ab- 

hacdl.  zu  VereiQs  fiirErdfcunde,  ii,  No.  3, 1894. 
Denoer.    Colorado  Scl.  Soc,  Extr.  from  Proc,  18B4, 
Iks  Moines.    Aanual  Rept.  Iowa  Geol.  Surv.,  vol.  li,  1894. 
Dublin.     Scl.  Proc.  Roy.  Dublin  Soc.,  n.  s.  vil,  5,  1891-92;  n.  s.  viil.    1-2, 

1893-94;  Scl.  Trans.  Roy.  DubllD  Soc,  ser.  2,  Iv,    14,    1892;  ser.  2, 

V,  1-4,  1803. 

E 
Eiinburgk.    Traas.  Ediaburgb  GeoL  Soc,  vi,  5,  1893. 
^rlan^en.    SitzuDgsb.  Phys.-med.  Societat,  xxv,  1893. 

Frankfort.    Tentb  Ann.  Bept.  of  the  Inspector  of  Mloea  in  Eeotuckj. 

1893. 
Frankfort,  A.  M.    Abhaodl,  SeDckenb.  Nalurt.  Gesellsch.,  xiil;  ziv,  (1-3): 

XV,  (1-3);  xvi;    xvii  (1-2),  xvlii   (1-3),  1888;  Berlcht.  1874-1894;   Ave 

separate  volumes. 

G 
Chod  Hope.    American  Antiquarlao,  xrl,  3-6, 1894. 
GotUngen.    Hach.  Konigl.  Geaellsch.d.  Wisaensch^  14-21,  1893;  1-3.  1894. 

H 
Halifax.    Proc.  Sc  Trans.  Nova  Scotian  Inst.  Nat.  Scl.,  ser.  2,  vol.  I,  No. 

3,  ]aB2-18»3. 
Hanover.     Jabresb.  Naturhlstorigh.  Gesellach.,  xli-xllll,  1892-1893. 
Houghton.    Report  on  Mining  School,  M.  E.  Wadsworth,  1893. 

K 
Kiel.    Qnlverslty,  81  pamphlets,  mostly  Inaugural  dissertations. 
Konigsberg.    Schrlften  Phys.-okonomisch.  Gesellech.,  xxxiv  (in  dupli- 
cate). 

L 
Laierence.    Kansas  Unlvergity  Quarterly,  vol.  i,  1892;  vol.  11,1893;  vol.  iit, 

1894. 
Leige.     Annates  Soc.  G^ol.  d.  Belglque,  xx,  1892-93;  xxl,  1893-91. 
Leipzig.    Bertcbte  £ongl.  Sach.  Gesellsch.  d.  Wiasensch.,  vl-lx,  math.- 

phye.  Classe,  1893;  1,  matb.-pbys.  Classe,  1891. 
Mltthell.  Verelna  f.  Erdlcunde,  1893. 
Lund.    Ars-skrift  Lunds  Dniveralteta,  xxix,  1892-1893. 

M 
JUarburg.    Sftzungsb.  Gcsellsch.  z.  Beford.  NaturwUsensch.,  1893. 
Metz.    Jabresb.  Verelns  (.  Erdkunde,  xvl,  1893-94, 
Mexico.    Memorlas  y  Revlsta  Socledad  Clentlflca  "Antonio  Alzate,"  yii, 

Nos.  7-12,  1893-94. 
Minneapolis.    American  Geologist,  xili,  4-6;  xlv,  1-6,  1894. 

Occasional  Papers,  HIno.  Acad.  Nat.  Sciences,  I,  No.  1,  IBM. 
Montevideo.    Anales  Museo  del  Nacional,  i,  No.  1, 1894. 
Moscow.    Ball.  Soc.  Imp.  d.  Naturaltstes,  11,  No.  1,  1891. 
M&nchen.    Bayerlsches  Industrie  u.  Gevrert)eblatt,  xxvj,  Nos.  7-51,  1891. 
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N 
NeufhaUl.    Bull.  Soc.  d.  Scl.  Naturelles,  ivlj-xx,  13S»-1S92. 
New  Haven.     Traos.  Connecticut  Acad.  Arts  and  Scleaces,  ix,  No.  1, 1892. 
Nem  York.      Bull.  Amer.  Geog.  Soc.,  xxT.pt.  2;  xktI,  pts.  1-3,  1893-1894. 
Ann.  Rept.  Trustees  Am.  Mus.  Nat.  Hist..  1892-93. 
Traoe.  N.  Y.  Acad.  Sci.,  sill.  1893-94. 
Nurnberg.     Abbandl.  Naturhistorisch.  Gesellsch.,  z,  No.  2, 1893. 

P 
Paris.    Bull,  Soc.  d.  Scl.,  Nat.  d.  rOaest  d.  1.  Prance,  Hi,  No.  4,  1893;  Iv, 
No.  1,  1894. 
ComptesBendus  Soc.  d.  Geog.,  Noa.  1-15, 1894;  Bnll.  zvl,  1894. 
Bull.  Soc.  Zool.a.  FraQCe,XTll,  No.  9,  1893;  M^molres,  vl,  Nos.  1-4, 
1893. 
Philadelphia.    Proc.  Acad.  Nat.  Sciences,  ser.  3,  zxlll,  pt.  3,  1893;  ser.  3, 
xxlv.pts.  1-2,  18W. 
Ameilcan  Naturalist,  xsvlU,  Apr.-Dec,  1894. 
Prag.    Sitzongatj.  (math.-naturw.  Classe)  Gesellsch.  d.  Wiasensch.,  1892- 
1893;  Juhresb.,  1892-1893. 

S 
Sacramento.    Bull.  Calif.  State  Mining  Bureau,  ill,  1894. 
SanFraneisco.     Proc.  CaliT.  Acad.  Sciences,  2nd  ser.,  iv,  Ko.  1,  1894. 
San  Jose.    Annales  Inst.  FIsico-geog.,  It,  1891. 
Santiago.    Actes  Soc.  Scl.  d.  Ohill,  111,  Noa.  3-5;  Iv,  Nos.  1-2,  1891. 
Sao  Paulo.    Boletln  Com.  Geog.  e.  Qeol.,  8-11,  1889  1892.  • 

&ale  College.    Mining  Bull.  Pa.  State  College,  i,  Nos.  1-2,  1894. 
SUmenger.    Aarsberetning  Stavanger  Museum,  1892. 
St.  Louis.    Trans.  Acad.  Science,  vl,  Nos.  12-16,  1894. 

Ann.  Bept.  Missouri  Botanical  Garden,  1894. 
aiockhoXm,    Forhandl.  Geul.  Foren.,  xtI,  Nos.  2, 4, 5, 1893. 
Handl.  K.  Svenska  VnteQS.-Akad.,  xlx,  No.  2-4, 1893. 
From  Geol.  Foren.  Forbandl.,  Bd.  16,  STos.   157-150,    1893-94;  Syste- 
matlsch  torteclcolng  etc.,  1882-1693. 
S(,  Petersburg.     Verhandl.  Ruaaisch-kalserl.  mineral.  Gesellscb.,  xxx,  1893. 

T 
Tufts  (Mlege.    Collie  Studies,  l-lll,  1894. 

U 
Vpsaia.    Sonder-Abdruck  aus  Bull.  Geol.  Institute,  I,  No.  2, 1893. 

Arsskrift  Upsala  Unlversitet,  1893;  Inaugural  dissertation,  1894. 
V 
Vtenna.    Aunalen  K.  K.  Naturblstorlsch.  Hotmuaeums,  vUi,  Nos.  3-4, 
18g3;lx,  Noa.  1-2, 1894. 
Verhandl.  K.  K.Zool.-Botan.Ge8ellscb.,xlili,  Nos.   3-4,  1893;  xliv, 
Nos.  1-2,  1894. 

W 
WaihingUm.    U.  S.  Geol.  Survey,  Ann.  Kept.,  xii,  pts.  1-2,  1890-1891;  xlll, 
pts.  1-3,  1891-1892.    Bulletins,  97-117,  1893-91;  Mineral  Besonrcea, 
Ix-x,  1892-1893;  Monograpbs,  xiz,  xxi-xxil,  1B93. 
U.  S.  Army,  Ann.  Bept.  Chief  ot  Engineers,  pts.  1-6,  1893. 
U.S.  Nat'l  Museum,  Bulletin   No.  43,  1893;  Proc,   D.  S.  Nat'l  Mu- 
seum, vol.  xvli,  Nos.  976-1009,  1894. 
Smithsonian  Beport,  1892. 
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XV. 

LIST  OF  EOCK  SAMPLES  COLLECTED  IN  1894  TO 

ILLUSTRATE  THE  FIELD  NOTES  OF 

N.  H.  WINCHELL. 


1969.  At  Baraum,  Carlton  county,  a  low  ridge  west  of  the 
railroad  station,  showing  a  cut  of  3  ft.  by  the  R.  R.,  is  in  Kee- 
watin  fine  slate,  becoming  coarse  and  approaching  fine  gray- 
wacke.  The  dip  is  about  10  deg.  toward  the  south,  but  the 
face  of  the  cut  shows  many  minor  undulations.  The  specimen 
exhibits  the  finer-grained  portions,  with  many  diverse  mark- 
ings and  wrinklings  in  the  shining  surface. 

1970.  Coarser  and  siliceous  gray  portions  of  the  same  oat- 
crop  atBarnum.  There  are  in  this  rock  siliceous  masses  and 
some  white  quarts  in  cavities. 

1971.  Micaceous  fine  gray  wacke.      Moose  Lake,  Carlton  Co. 
1792.     Center  of  sec.  16,  46-20,  on  Kettle  river,  Carlton  Co. 

Samples  of  the  supposed  gold  ore,  for  which  mining  opera- 
tions were  conducted  at  the  mouth  of  Otter  creek  by  Cunning- 
ham and  Miner  a  few  years  since.  The  rock  is  a  compact 
sericitic  schist  and  the  yellow  ore  is  pyrite,  disseminated 
through  the  cleavages  of  the  rock  itself  in  formless  Sims  and 
sheets,  and  occurring  with  quartz  and  siderite  in  cavities. 

1973.  Sample  of  red  Keweenawaa  conglomerate  furnished 
by  Mr.  S.  J.  Basye,  Moose Lake.Carlton  county.  This  is  said  by 
him  to  occur  in  a  small  onterop,  nfainly  under  water,  in  a 
ravine,  sec.  30,  T.  46-18.  He  also  states  that  in  a  low  bluff  it 
occurs  further  east.  This  place  has  not  yet  been  seen  by  any 
party  of  the  survey.  If  this  report  be  anthenticated,  and  the 
rock  be  found  to  be  m  situ,  it  will  fix  an  important  geographic 
datum  for  mapping  the  Keweenawan. 

1974.  S.  B.  i  S.  E.  i  sec.  2,  48-16.  Sample  of  the  soft  green 
Keewatin  rock,  underlying  the  conglomerate  at  the  rfver,  from 
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the  point  of  contact.  The  Keewatin  here  has  a  plain  low  angle 
of  sedimentary  dip  toward  the  south  (say  20  deg.).  If  properly 
treated  it  would  apparently  make  slate  pencils. 

1975.  Sample  of  the  finer  sedimentary  gritty  material  in- 
terstratifled  in  the  overlying  quartzose  conglomerate  at  the 
same  place  as  the  last. 

1976.  Pebbles  from  the  crumbling  red  conglomerate  which 
overlies  the  Keewatin  and  the  quartzose  conglomerate,  at  the 
month  of  the  creek  entering  the  St  Louis  river  on  S.  W.  ^  sec. 
1,  48-16.  These  pebbles  seem  to  show  that  this  conglomerate 
is  later  in  date  than  the  traps,  amygdaloids  and  porphyries  of 
the  Keweenawan — 1.  e.  this  part  of  it.  But  some  of  the  peb- 
bles are  not  from  the  Keweenawan;  a  very  few  are  from  the 
Keewatin,  some  may  have  come  from  the  Animikie,  and  one 
is  a  piece  of  iron  pyrite  which  embraces  ronnded  grains  of 
quartz,  quite  similar  to  the  pyrite  found  in  such  abundance  in 
the  underlying  qnartzose  conglomerate  which  itself  contains 
no  Keweenawan  pebbles.  Such  a  piece  of  pyrite  has  no  known 
source  except  from  the  py  rite-bearing  qnartzose  conglomerate 
which  appears  in  the  valley  a  short  distance  higher  up  the 
St.  Louis.  The  strong  contrast  in  the  pebbles  from  these  two 
conglomerates,  and  especially  the  occurrence  of  this  pebble  of 
pyrite  in  the  upper  one,  points  to  the  existence  of  two  con- 
glomerates in  this  valley,  one  of  which  would  be  in  that  case 
of  the  age  of  the  Pewabio,  at  the  base  of  the  Animikie,  and  the 
other  post- Keweenawan.  There  are,  however,  some  large 
pebbles  of  coarse  grit,  with  scattered  kaoliuic  grains,  in  the 
lower  conglomerate  which  may  have  come  from  the  Pewabic, 
though  not  necessarily  so.  There  are  also  a  few  large  peb- 
bles of  hardened  black  slate  which  appear  like  the  black  slate 
of  the  Animikie  hardened  by  the  gabbro  of  Duluth.  These  lat- 
ter facts  seem  to  link  the  conglomerates  together  as  of  one 
date,  post-Keweenawan.  Yet  this  grit  and  this  fine-grained 
black  rock  can  be  referred  directly  to  their  source  in  the  Kee- 
watin (see  for  instance  Nos.  469,  458  and  468).  No  structural 
facts  were  observed  indicating  two  dates  for  the  accumulation 
of  this  conglomerate.  In  the  10th  report  (pp.  II,  32-34)  are 
references  to  this  conglomerate.  The  calcite  vein,  mentioned 
on  p.  II,  as  well  as  the  compact  and  hardened  condition  of  this 
quartzose  conglomerate,  and  its  abundant  pyrite,  indicate  an 
age  greater  than  post-Keweenawan.  The  fact  also,  mentioned 
in  the  10th  report,  p.  34,  that  the  slaty  structure  of  the  under- 
lying Keewatin  produces  a  roughly  similar  slaty  disintegra- 
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tioa  extending  for  some  distance  upward  into  the  conglomer- 
ate, rather  points  to  the  production  Qt  the  slatiness  since  the 
formation  of  the  conglomerate.  That  would  exclude  it  from 
being  of  post- Keweena wan  age. 

1977.  Sample  of  fresh  dike-rock,  from  the  R  R.  cut,  N.  W. 
iS.  W.  i,  sec.  8,  48-16.  Carlton  county.  The  dike  cuts  the 
slates  of  the  region. 

1976.  Samples  of  slate,  from  the  same  K.  R.  cut,  showing 
an  incipient  secondary  cleavage. 

1979.  Sample  of  slate,  from  the  same  R.  R.  cat.  showing  a 
curiously  crumpled  fine  banding,  which  seems  not  to  be  a  sedi- 
mentary banding  but  a  secondary  stracture  due  to  the  irregu- 
larity of  the  fiber,  the  latter  perhaps  caused  by  dynamic 
pressure.  There  is  a  fine  opportunity  presented  in  these  rocks 
for  the  study  of  the  structures  produced  in  fragmental  rocks 
by  pressure.  The  ordinary  slaty  cleavage  is  but  one  of  the 
results  of  such  action. 
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